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ABSTRACT
In the United States, food insecurity has been an ongoing concern nationwide, with over
17.4 million Americans affected. The United States Department of Agriculture (USDA)
Supplemental Nutrition Assistance Program (SNAP), commonly known as “food stamps,” aims to
improve food security by providing financial assistance on food purchases to income-eligible
households. SNAP participants redeem their benefits at SNAP-authorized retailers, including
supermarkets, small discount stores, convenience stores, corner stores, and pharmacies. The
retail food environment influences food purchasing behavior, thus contributing to poor diet. In
the United States, low-income residents, including SNAP participants and minority residents, are
more likely to have diet-related diseases, including obesity and Type 2 diabetes, due to the
consumption of inexpensive energy-dense foods. However, there have been no studies to date
that examine the relationship between the SNAP retail environment and low-income, minority
residents. Therefore, this study has three aims:

Aim 1: Examine obesity and diabetes prevalence and their relationship to urbanicity and SNAP
retail food environment.
Aim 2: Analyze spatial mismatch between healthy SNAP Retailers and high SNAP participation
communities.
Aim 3: Identify regional differences in the SNAP retail environment and its relationship to
health, race/ethnicity, and SNAP participation.

SNAP-authorized retailer information was downloaded from the United States
Department of Agriculture, Food and Nutrition Services SNAP Food Retailer Locator website. The
list was based on the 2017 federal fiscal year and included store name, address (street, city,
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county, and ZIP), and latitude and longitude coordinates. Each store was categorized by retail
type based on the North American Industry Classification Systems codes. Small grocers were
defined as grocery stores with less than three employees, which were identified through the
Business Analyst tool from ESRI ArcGIS. Each SNAP-authorized retailer was coded as healthy or
unhealthy based on the Centers for Disease Control and Prevention criteria.
Census tracts were identified based on the Centers for Disease Control and Prevention
(CDC) 500 Cities project, which aimed to compile epidemiologic data of chronic disease risk
factors, clinical preventive services, and health outcomes at the census tract level for the 500
largest cities in the United States. This study included at least one city in each of the 48
contiguous states and the District of Columbia. Nearly 500 cities, including 22,729 eligible census
tracts, were used for this study. Each census tract from the 500 Cities Project includes a measure
for diabetes prevalence and obesity rate. Race/ethnicity, SNAP participation, and other
socioeconomic were collected from the American Community Survey using 2017 5-year
estimates data at the census tract level.
The analysis examined predictive relationships of poor health, racial/ethnic disparities,
and access to SNAP-authorized retailers. Each construct included multiple variables for the
measure, thus increasing the robustness of the study design. Multivariate regression analysis
was performed applying a forward stepwise approach. However, given the number of predictors
and observations, machine learning techniques allowed to quantify uncertainty, identify best
predictive models, and test model performance in a more efficient way. Therefore, while
forward stepwise regression was used to build a full model, residual diagnostics and machine
learning techniques were applied to identify best predictive models and test model
performance.
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In addition to machine learning techniques to optimize regression modeling, this study
examined spatial mismatch by converting kernel density raster maps into images for pattern
comparisons. The Jaccard Similarity Index is a statistic applied to sample sets and a common tool
in bioinformatics, image recognition, and text similarities. This dissertation applied data mining
and cluster analysis to measure spatial inequality between unhealthy and healthy SNAP
retailers, using the Jaccard Similarity Index to measure dissimilarity. This is the first known study
that converts raster maps as images for pattern comparisons applying the Jaccard approach.
Obesity and diabetes rates were significantly higher in census tracts with higher rates
with African Americans and low socioeconomic status (i.e., SNAP participation). However, the
relationship between the other racial/ethnic groups and health varied by region. Higher rates of
Hispanics were related to higher diabetes rates in the Southwest and the Mid-Atlantic regions.
However, higher rates of Asians were associated with higher diabetes rates in the West region,
but an inverse relationship in the Southeast.
In terms of spatial mismatch, distance to the nearest SNAP supermarket was not
significantly associated with high obesity or diabetes rates, but the concentration of unhealthy
SNAP retailers was significantly related to higher diabetes rates. However, there was a cityspecific spatial mismatch between distance and high SNAP participation, but this cannot be
generalized. Further, the spatial mismatch was strongest between high concentrations of
unhealthy SNAP retailers and high SNAP participation, and high African American population
rates.
Food insecurity, including its health impact, has primarily been identified in public
health research, and its research recognizes the need to improve healthy food accessibility and
affordability through policy and environmental changes. This is where the planning discipline
can address food insecurity and food accessibility and affordability. Integrating food systems in
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urban planning has been absent for some time but has been gaining attention in recent years.
This study examined the relationship between local-level food access and federal policy.
Planners can explore various strategies to increase the affordability and availability of healthy
food options in low-income urban neighborhoods, such as financial incentives for retailers and
urban agriculture policies. Since retailers apply to become SNAP retailers at the federal level,
local planners can support small markets to meet the criteria to become SNAP vendors. The
federal SNAP policy is an example of an individual-focused anti-poverty effort to increase
purchasing power for food. Yet, the retailer siting influences purchasing behaviors, and
geographic isolation and concentrated unhealthy retailers in low-income neighborhoods can
inhibit access to affordable healthy options. Federal policies often focus on people– or placebased interventions to address poverty-related issues, yet both should be complementary.
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DEDICATION
During my work in public health at the Delaware Division of Public Health, I was given
such a limited budget to improve healthy eating and active living to address the obesity
epidemic in Delaware. I realized that a social marketing campaign to increase physical activity
and a healthy diet was not conducive to all Delaware residents given their community
environment of automobile-centric development and easy access and affordability of unhealthy
foods. In 2006, I came across an article authored by Christopher Kochtitzky. It was a
controversial piece that had limited evidence aside from the analogy to addressing tobacco use,
but it emphasized the need to engage with non-traditional partners to address public health
issues. He was an urban planner working in the National Center for Environment Health (NCEH)
at the Centers for Disease Control Prevention (CDC). It was an “a-ha” moment, and it motivated
me to schedule a meeting with the director of the Delaware Office of State Planning
Coordination. That initial meeting with a planner fostered an inter-agency relationship with
State Planning, but also with the Department of Transportation, the Economic Development
Office, the Metropolitan Planning Organization (MPO), and other local and state government
agencies. It was these new successful partnerships and collaborative work that brought me
statewide and national recognition for fostering non-traditional partnerships to address public
health issues, specifically in chronic disease prevention and control.
In 2010, I was afforded the opportunity to work on the Communities Putting Prevention
to Work Program at the CDC in Atlanta to assist other state and local public health agencies to
work with their planning partners to address healthy food access and active living. I was invited
to a meeting with Chris at NCEH to discuss the realities and challenges of inter-agency
collaboration on addressing the built environment to improve population health. We worked
together for the next couple of years, providing workshops and talks to state and local CDC
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grantees. After my assignment at the CDC ended, I was considering my pursuit for a Ph.D. I was
torn between public health and planning. Chris, an urban planner and the first and only planner
at CDC to address chronic diseases through the built environment, encouraged me to focus on
planning. As he put it, “we need planners to think of themselves as public health practitioners.”
If any change is ever going to be made to improve the environment to support healthy
behaviors, it would have to come from the planning field. From then on, we regularly shared
thoughts on planning issues, bounced and brainstormed ideas for policy changes, and expressed
frustrations on bureaucratic resistance to changes.
On May 3, 2020, Chris died due to a stroke brought on by a respiratory infection. This
was in the early phase of the COVID-19 pandemic, and it remains unknown if his death was due
to COVID. He had Cerebral Palsy that caused weak muscle tone, which would make it difficult to
overcome a respiratory infection. He walked with forearm crutches and was a disabilities
advocate and champion for universal design. He was my mentor for years, and I would lean on
him for advice related to planning during my Ph.D. tenure. Our last conversation was in March
2020, and we were talking about the role of planning in addressing COVID. Chris ended our call
with, “when this COVID thing ends, let’s get drinks; it would be much needed.” Of course, I said
yes, not knowing that it will never happen. He fell ill and was hospitalized for some time before
learning he no longer had brain activity. During the last several months in writing this
dissertation, I found myself lost countless times without my go-to planning person to bounce
ideas and get advice but would ask myself what Chris would think or say. Chris was my
inspiration and my mentor, and it was him that pushed me to get my Ph.D. in Planning, Design,
and the Built Environment. I am forever honored and grateful for his wisdom and humor during
our time as colleagues and later as friends.
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CHAPTER ONE
INTRODUCTION
Contextualizing the Research Problem
Despite being one of the wealthiest nations in the world, food insecurity affects nearly
40 million adults and 12 million children in the United States, or about 12.3% of American
households (A. Coleman-Jensen, Rabbitt, Gregory, & Singh, 2017). Food insecurity, or the lack of
adequate food to live a healthy life, has been a chronic issue while making headlines during
times of economic and political crises (Bickel, Nord, Price, Hamilton, & Cook, 2000). While this
paper does not intend to address the history of food insecurity, it helps to understand some
historical context of food insecurity and American public policy aimed to improve food security
in households through the nation’s largest anti-hunger program.
The Great Depression in the 1930s was not only associated with high unemployment,
but its widespread hunger prompted the need for government action as charitable organizations
were not able to keep up with the need to address starvation. At the same time, American
farmers were facing agriculture surpluses. The paradox of food insecurity in the land of plenty
emerged yet is still present today. The Roosevelt Administration created the Federal Emergency
Relief Administration and the Federal Surplus Relief Corporation, which combined governments
purchasing the surplus that would then be administered to states and local governments for
distribution to the needy (O’Brien, Aldeen, Uchima, & Staley, 2004). However, these programs
were not enough to meet the needs, and as a result, the Food Stamp Program was created in
1939. The commodity and food assistance programs were then transferred to the United States
Department of Agriculture. While the Food Stamp program ended in 1943, but as the United
States entered World War II, hunger and its association with malnutrition and under-nutrition
had contributed to nearly 40% of draftees rejected to serve due to poor health. As a result,
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hunger was not just a social issue; it was also a national security issue (Galer-Unti, 2019). This
prompted the creation of the National School Lunch Act in 1946. Fast forward to the Kennedy
and Johnson administrations, the Food Stamp program was re-established, and commodity
programs were expanded in efforts to eradicate the hidden hunger in the United States.
Additional food assistance programs such as the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC), the School Breakfast Program, and the Summer Food
Service Program aimed to address health implications of malnutrition, especially among
children. These programs, as well as additional food assistance and commodity programs in the
USDA, continue today with some reforms in the last few decades (O’Brien et al., 2004).
Despite the federal programs, food insecurity continues to make headlines. During the
Great Recession, food insecurity increased from 11% of American households in 2007 to 14.7%
in 2009, with the largest increase occurring in the suburbs from 9% in 2007 to 13.2% in 2009
(Alisha Coleman-Jensen, 2012). The 2018-2019 Federal Government Shutdown contributed to a
double whammy of issues. Nearly 800,000 federal workers and thousands more federal
contractors are showing up at food pantries across the country (Leone, 2019). At the same time,
millions of Americans receiving federal nutrition assistance found their public benefits disrupted
due to the shutdown of federal government operations (Leone, 2019). When writing this
dissertation, the United States, along with the world, is facing the Severe Acute Respiratory
Coronavirus 2 (SARS CoV2), also known as COVID-19, which has forced businesses to suspend
operations and people to stay home. As a result, food insecurity has dramatically increased in
the United States, with nearly an additional 17 million Americans expected to experience food
insecurity (Gundersen, Hake, Dewey, & Engelhard, 2020). With such an increase in food
insecurity and behavior change (i.e., remote learning), there is a great concern of health

2

implications, specifically obesity, among children and adolescents (Tester, Rosas, & Leung,
2020).
Background
Food insecurity is a widespread public health concern. The topic has been a fixture in
national news media and sees headlines during times of political, economic crises, and most
recently, a global public health crisis. Nevertheless, for many households, food insecurity is a
chronic issue, with grocery budgets often being the most flexible item to sacrifice with no fixed
budget, unlike other household budget items such as rent, car payment utilities, etc. For
households with limited income, any unexpected expense usually results in sacrificing the
household food budget.
As a child growing up, I faced food insecurity firsthand. It was not until I was older that I
understood that my family faced regular food insecurity. My parents did not have consistent
employment. My mother, who was born with an intellectual disability, worked in fast food and
housekeeping, while my father, who faced learning disabilities, speech challenges, and was
illiterate, faced unemployment frequently before working in fast food and security, and later
incarceration while I was a young adult. For most of my childhood and youth, my father only ate
one meal per day. My sisters and I were part of the National Free and Reduced Lunch Program.
However, when I started high school, I did not like the stigma that was associated with
participating in the program due to the colored ticket I used to redeem my meals which
identified my participation. Therefore, it was common for me to pretend to forget my lunch,
which then my peers would offer some of their lunch or lend me money, or I would go without
lunch. Later in high school, I found a job as a residential assistant in group homes with people
with severe disabilities. Since one of my responsibilities was cooking for and feeding the
residents, I was fortunate to eat meals with them. As I reached college, food insecurity
3

continued. While I worked, I would continue to help my family pay their household bills as I also
had a younger sibling with special needs living at home. It was common for me to ration food for
the week. I would regularly think about food and when and where I could get meals, including
going into a University department kitchen to see if there were any leftovers from a luncheon or
reception. Not only was I regularly food-insecure, but I also experienced episodes of hunger as a
child and as a young adult in college.
Food insecurity has been heavily studied by various disciplines—largely from public
health, sociology, agriculture, and economics. My circumstances and behaviors to coping with
food insecurity are consistent with many people across the United States and characteristic of
those at greater risk of food insecurity—unemployment, disability, low-wage earner, and college
student. Despite all the efforts to address food insecurity, it continues to be problematic and
widespread. Addressing food insecurity is a complex issue with no single solution, as there are
so many factors that contribute to food insecurity.

Problem Statement
At the beginning of the 20th century, the leading causes of death were attributed to
infectious diseases, and life expectancy was less than 50 years. Universal accessibility to clean
water, improved living conditions, and improved nutritional status have increased life
expectancy (Schanzenbach, Nunn, & Bauer, 2016). By the middle of the 20th century, healthcare
technology provided advanced treatments for cardiovascular disease, and in 1964, it was
confirmed, by the US Surgeon General, that smoking causes cancer (Bayne-Jones, 1964; E. S.
Ford et al., 2007). However, during the latter half of the 20th century, chronic diseases have
contributed to the leading causes of death, and the rate of obesity has sharply increased. The
leading causes of death in the United States are 1) heart disease; 2) cancer; 3) unintentional
4

injuries; 4) chronic lower respiratory disease; and 5) stroke (Kochanek, Xu, & Arias, 2020). With
chronic diseases contributing to the leading causes of death, about $214 billion is spent in direct
healthcare expenses each year, making about 17% of the nation’s gross domestic product (CDC,
2020). However, what the US spends on being healthy compared to what makes Americans
healthy does not align (Figure 1.1). While mainly chronic diseases contribute to the leading
causes of death, health risk behaviors are the actual leading causes of death—tobacco use, poor
diet, and physical inactivity (Mokdad, Marks, Stroup, & Gerberding, 2004). Also, obesity,
resulting from an imbalance of energy (calories) consumption and expenditure, or poor diet and
physical inactivity, is a significant risk factor for chronic diseases, including heart disease,
diabetes, stroke, and some cancers (Censin et al., 2019).

Traditional public health approaches focused
on individual education/counseling and
treatment. With nearly $214 billion in
healthcare costs, investment in providing
such services yields a limited populationwide impact. Figure 1.1 compares the
amount of money spent on being healthy,
which is largely medical services, yet, what
makes Americans healthy is largely the
combination of healthy behaviors and the

Figure 1.1 What Makes us Healthy vs, What we Spend on
being Healthy Source: Bipartisan Policy Center

environment. In other words, health

promotion messages of eating healthy and being physically active are only feasible when the
environmental context of where people live, work and learn support those behaviors. For
5

example, low-income residents living in a neighborhood with high concentrations of
convenience stores and corner stores are more likely to consume energy-dense foods, as these
foods are inexpensive and more available than fresh, healthy foods (Gosliner, Brown, Sun,
Woodward-Lopez, & Crawford, 2018). Also, given that walking is the most common form of
physical activity, traffic conditions, the presence of sidewalks, convenience, and accessibility to
destinations contribute to walking as a form of transportation (McCormack et al., 2004). When
this environmental context changes to support these healthy behaviors, the impact affects the
wider population and community.
In 2010, the Centers for
Disease Control and
Prevention (CDC) former
director, Dr. Tom Frieden,
introduced the health
impact pyramid (Figure
1.2). The health impact
pyramid explains the
relationship between the
individual level of effort
Figure 1.2 Frieden's Health Impact Pyramid

and population impact

(2010). Traditional public health interventions focused on individual-level education and
counseling, which results in the most individual effort, yet, the least population impact. On the
other hand, addressing socioeconomic factors would yield the highest population impact, with
minimum individual-level effort.
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In addressing obesity, it was the lessons learned from addressing tobacco use that
prompted a movement to focus on policy, systems, and environmental (PSE) change strategies
(Walter et al., 2018). These PSE strategies are seen as sustainable with broad reach, impacting
populations that influence behavior to reduce obesity, such as healthy diet and active living
(Frieden, 2010; Payne, Leeman, & Farris, 2011). In 2009, the Centers for Disease Control and
Prevention (CDC) released a report on recommended community strategies to combat obesity
which stated, “reversing the U.S. obesity epidemic will require population-level change that
focuses on adopting policies and creating environments that support healthier lifestyle choices”
(preface).
Changing the context to support healthy behaviors in the environment is beyond the
public health discipline's scope. While the public health field can study health risk behaviors,
monitor chronic disease morbidity and mortality, and inform policy recommendations, built
environment disciplines are in the position to alter the physical infrastructure to support healthy
behaviors. At the CDC, Dr. Richard Jackson, a physician and former director at the National
Center for Environmental Health (NCEH), and Chris Kochtitzky, an urban planner at NCEH,
collaborated on a first-of-its-kind monograph that emphasized this understanding.
The challenge facing those with responsibility for assuring the health
and quality of life of Americans is clear. We must integrate our
concepts of ‘public health issues’ with ‘urban planning issues.’ Urban
planners, engineers, and architects must begin to see that they have
a critical role in public health. Similarly, public health professionals
need to appreciate that the built environment influences public
health as much as vaccines or water quality. (R Jackson & Kochitzky,
2001, p. 15)
Since the Jackson and Kochtitzky monograph was published, there has been a flurry of
studies integrating planning and public health in examining the role of the built environment
and physical activity. With transportation and parks/recreation as common topics in planning,
7

research has focused on improving active transportation (i.e., bicycling and walking) and active
recreation. Planning has also approached health-related planning and policy decisions toward
economic development and environmental sustainability, which are popular topics in the
planning decision.
While public health concerns have historically had implications in urban planning, food
system issues, including food access and community food security, have not been well studied in
urban planning research (Pothukuchi, 2004; Pothukuchi & Kaufman, 2000). However, there have
been efforts in public policy to improve food systems that have planning implications.
Public policies, such as those addressing housing and economic development, often
have urban planning implications. In the education system, public schools receive federal funds
for National School Meal Program through the USDA. Affordable foods to feed large numbers of
children frequently yield the minimum nutritional criteria. While the recently revised standards
for school meals have been a step in the right direction in terms of improving nutritional diet,
they are not enough, and school food services directors have recommended programs such as
Farm-to-School to help improve nutritional quality (Asada, Ziemann, Zatz, & Chriqui, 2017). In
the 2019 School Year, the federal reimbursement rate for school lunches was $0.3625 per lunch
served (USDA, 2020). With limited budgets for meal reimbursements, school systems employ
economies of scale in procuring vendors by sourcing from large producers, often not local, to
meet school demand. Local agriculture systems either do not have the resources or capacity to
meet local school needs. Further, local and regional land uses may not include agricultural
zoning to support locally sourced products for public institutions such as schools.
Integrating food systems in urban planning has been absent for some time but has been
gaining attention in recent years. Farmers’ markets and community gardens have garnered
popularity as strategies to improve healthy food access. However, such community
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programming requires efforts to maintain and has had an inconsistent impact in improving
healthy food availability amongst vulnerable populations. Community gardens have had an
individual- and relational-level impact of increasing fruit and vegetable consumption but has an
inconsistent impact on food security and vulnerable populations and does not garner
population-wide impact (Butterfield & Ramírez, 2020; Malberg Dyg, Christensen, & Peterson,
2020). Farmers’ markets offer an opportunity to increase fruit and vegetable accessibility,
especially coupled with community food assistance programs. However, among low-income
populations, farmers’ markets have had inconsistent participation due to perceptions that food
assistance benefits were not accepted, lack of transportation access, lack of racial/ethnic
diversity, and a difference between farmers’ markets and social lifestyles (Freedman et al.,
2016). Introducing new retailers, including farmers’ markets, has resulted in increased fruit and
vegetable consumption in the short-term, but long-term behavior change has been inconsistent
(Woodruff et al., 2018). Community gardens and farmers’ markets have had an inconsistent
impact on food security but may influence fruit and vegetable consumption when engaging with
the target population group in planning site locations and institutionalizing policy to integrate
food assistance benefits.
Food insecurity has been an ongoing public health issue nationwide, with over 17.4
million Americans affected. Food insecurity and its health impact have largely been identified in
public health research, and its research recognizes the need to improve healthy food
accessibility and affordability through policy and environmental changes. This is where the
planning discipline can address food insecurity and food accessibility and affordability.
Food insecurity continues to be a social and health issue despite the federal
Supplemental Nutrition Assistance Program (SNAP) efforts in providing income-eligible
households financial assistance for food purchases. Further, lack of healthy food access and
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affordability contributes to chronic diseases, such as obesity and Type 2 diabetes, due to poor
nutritional quality and diet. While food insecurity and food access have been studied in public
health, the role of urban planning has not been well addressed. SNAP is a federal policy aimed at
increasing the purchasing power for income-eligible households for buying food from SNAPauthorized retailers, thus improving food security. Although public health research suggests a
relationship of poor diet with food retailer access and affordability, there are implications in
urban planning and community development research. While there has been much research
focused on SNAP participation from a consumer perspective, little research explores the
retailers’ perspective. To better understand the impact of food access and health consequences
from the SNAP-authorized retail environment, research is needed to explore factors in urban
planning and community development that may contribute to food access and diet-related
conditions.

Purpose of Study
This study combined the understanding of public health implications and applying urban
planning theories to examine the SNAP-authorized food environment's relationships,
neighborhood characteristics, and diet-related conditions. Thus, this study reinforced the
benefits of interdisciplinary research to understand better the connection between population
health and behavior and community development and urban planning. Also, this study
expanded the work in urban planning research to recognize the role of community development
and disparate implications of anti-hunger public policy in food access.
This study applied innovative data science techniques to explore the relationship
between SNAP-authorized retailer environment, neighborhood characteristics, SNAP
participation, and population health. Thus, this study aimed to answer what is the relationship
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between health and socioeconomic and demographic characteristics or urban communities, and
are there spatial inequality and regional differences in SNAP retail environments in urban
communities?

Structure of the Dissertation
Given the interdisciplinary approach in the study, this dissertation combines public
health implications and public policy in addressing food insecurity through the lens of urban
planning. Chapter 2 presents a literature review that demonstrates the interdisciplinary nature
of this study. The literature review examines urban planning theories, the role of health in urban
planning, and the spatial mismatch hypothesis in planning. Since this dissertation introduces
innovative data science techniques, the literature review includes data science in planning
research and followed by the relationship between urban planning and food insecurity. Chapter
3 explores the theoretical approaches from the public health, urban planning, and public policy
disciplines that influence food accessibility, affordability, and availability. In Chapter 4, the
research questions are defined along with an explanation of the methodological approach taken
to answer the research questions. Chapters 5, 6, and 7 detail the results and interpretations of
research questions 1, 2, and 3, respectively. Lastly, Chapter 8 integrates the findings and details
implications in urban planning and policy.
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CHAPTER TWO
LITERATURE REVIEW
This dissertation demonstrated an interdisciplinary approach, and this chapter reflects
the interdisciplinary nature. This study examined the spatial relationship between retailers
authorized to redeem payment through the federal Supplemental Nutrition Assistance Program
(SNAP) and communities with high SNAP participation and the influence of this relationship on
population health. Therefore, this study related the understanding of urban and regional
planning and its effect on health. This literature review combines the disciplines of public health
and urban planning. While these disciplines have largely been independent of each other in
recent history, their historical beginnings overlapped. As population health research advanced,
the focus moved beyond the treatment of diseases to the prevention of disease. As a result,
there is a better understanding of the social and ecological determinants of health as
contributing factors to disease prevention and health promotion. Social and economic
circumstances and environmental conditions influence human health risk behavior (i.e., physical
activity and diet). Thus, the need for an interdisciplinary approach. In 2001, Creating a Healthy
Environment: The Impact of the Built Environment on Public Health,
The challenge facing those with responsibility for assuring the health and quality
of life of Americans is clear. We must integrate our concepts of ‘public health
issues’ with ‘urban planning issues.’ Urban planners, engineers, and architects
must begin to see that they have a critical role in public health. Similarly, public
health professionals need to appreciate that the built environment influences
public health as much as vaccines or water quality. (R Jackson & Kochitzky, 2001,
p. 15)
The approach for this literature review drew from a wider conversation on the role of
health in planning and community development from a historical perspective, then channeling
the topics to a focused review on the spatial mismatch hypothesis and food access in planning.
In addition, since this study applied innovative methodology in urban planning research, this
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chapter includes a review of data science technology in urban planning research. Further, this
section includes a brief review of food insecurity in urban planning. After detailing the gaps in
the literature, the review continues with an overview of the theoretical framework.

Explaining Urban Planning Theories
As a profession, modern planning is a relatively new profession that has branched from
architecture that combines social sciences by examining the relationships and transactions
between individual and self, others, and the physical and natural environment—to improve
welfare and quality of life (P. Hall, 2014b; M. Scott, 1969). My approach to urban planning
focuses not only on these functions and social interactions but also on social equity. While Lewis
Mumford was known as a historian and philosopher of technology, his writings on cities have
been recognized for their criticisms in physical planning and emphasized the role cities have in
improving humanity through their social functions. However, Mumford was inspired by Patrick
Geddes for his holistic approach that the cultural, historical, and social contexts are included in
the spatial form (Mumford, 1961). Geddes’ approach to surveying the resources and how
humans consume them was an attempt to explore a more comprehensive view and
understanding the cross-sector nature needed for regional planning (P. Hall, 2014b). Geddes
focused on capturing human-nature and nature-occupation interactions, or the relationships
between people, economy, topography, and geography. His recognized drawn cross-sections of
a village demonstrate the natural environment's role in social and political functions.
Geddes’ approach to regional planning recognized the transdisciplinary nature of
planning. In regional planning, M. Scott (1969) discussed the basic unit of economics—supply
and demand. In the early 20th century, the What About the Year 2000?, expected population
growth was grossly miscalculated as the impacts of industrialization, immigration, advancing
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technology, and World War II were not seen yet and were not foreseen (Delano, 1929). From
the late 19th/early 20th centuries, the American population has grown exponentially.
M. Scott (1969) quoted the Committee on Recent Economic Changes developing a
“technique of balance” in terms of economic changes. This phrase can be applied to the
challenge of balancing population growth and the supply/demand of various land uses. As the
population grows, lands need to be developed for more housing, yet agricultural lands are
needed to feed (i.e., agricultural lands for livestock and crops) and clothe (i.e., agricultural lands
for textiles) the populations. Also, lands need to be planned to support energy and fuel
consumption, water sources for human consumption and agriculture needs, and commerce,
including goods and services. With such a balancing act, M. Scott (1969) suggested the role of
planning broadens to address the social and economic needs, not just how natural resources are
used. In the present-day 21st century, some parts of the world are fighting for lands to meet
basic needs—water, shelter, and food. As such, basic items are limited in supply but high in
demand, contributing to the unaffordability of basic living with a sacrifice of quality, especially in
urban areas.
P. Hall (2014b) explained the famed planner Geddes' approach in addressing the
balancing act of planning. Geddes took a broader look at the planning pictures by assessing the
resources available in a region. This differed from the Garden City approach, where
architectural/design focused on addressing an emergent need, which was eliminating slums.

Planning for Social Purpose
As P. Hall (2014a) explained, “the poverty had been endemic since the beginnings of
society, but in the countryside, it could be more or less hidden; once concentrated in the city, it
was revealed” (p.46). Edward Glaeser rationalized the role poverty has on cities. In his book,
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Triumph of the City, Glaeser explained that poverty in cities is a sign of strength and not a
weakness; successful cities will have poverty. He explained later that cities are a vessel of
resources and the makeup of those in poverty represents diversity which then contributes to
the vibrancy, culture, and creativity that a city offers (Glaeser, 2011). Aside from the fact that
poverty has been a part of society for a while, the struggles of poverty in cities have wreaked
havoc on the social order.
The problems of the city’s poor during the Victorian era were a global issue during that
period. While London had a large population during that time, other cities experienced a
comparable social breakdown, mainly of the poor. Places like Paris and Berlin were also
experiencing the repercussions of industrialization. In addition to industrialization, American
cities such as New York City and Chicago saw mass migrations of immigrants from Europe.
Laborers lived in areas of which they can afford and walk to work resulting in crowded
housing. With poor housing conditions and limited wages, health was greatly impacted. Life
expectancy was lower, and infant mortality was high in these poor areas. Criminal behavior was
a way of life to survive. Also, national defense was in jeopardy as men were largely unfit to serve
during war. Those who were middle- or upper-class would flee these cities as the poor were
viewed as less than human, and their death rates were welcomed to rid the social corruption of
the cities.
During the early 20th century, the role of poor conditions in urban settings contributed
to the advent of planning for housing. It appeared the start of planning was for social purposes.
While addressing housing issues was aimed to improve housing security and quality for the
working poor, London and New York City, cities that started modern planning, had varying
approaches. Transportation systems and housing criteria attributed to a paradoxical
phenomenon.
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Planning started with focusing on advancements of transportation systems and meeting
the demand to improve the quality of housing conditions. To improve transit connections and to
develop areas for housing, such as what was done in the periphery of London, the working class
faced increasing rents and rising transit fares, causing them to relocate back to slums; thus,
making progress in addressing the initial concerns. Undeveloped lands were purchase at low
prices and increased in value once transit was in place. The rapid progress of transportation with
housing demands created new challenges—crowdedness at stations and rails. It contributed to
residents experiencing isolation and “deafening” quietness in the suburbs. Some of these issues
related to transit and proximity to housing are relevant today. Undeveloped lands are purchased
for low prices, and once infrastructures and varied land uses are in place, affordability to live
and own property in these areas decreases.
As New York City approached zoning, we started to see disparate practices, which were
increasingly seen during the City Beautiful Movement. Zoning allowed business owners to
reduce the “undesirables” (i.e., factory workers) from being present in the commercial areas
targeting the upper class. While seen as an approach to preserve the character of buildings, it
resulted in a “back door” approach to prevent the lower class from being in the commercial
district.
Are we seeing the start of gentrification by planning? The City Beautiful Movement
appeared to demonstrate the practice. Beautification had a couple of purposes. In Chicago,
beautifying the city would attract the masses, thus improving the local economy. However, the
British approach seemed to have an intentional discriminatory practice. The Imperialist
approach to beautification focused on white colonials in British colonies and territories.
Architects were tasked to beautify the cities, but in doing so, focused on their own race,
discounting the races/ethnicities that dominate the local scenes in British India and South and
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East Africa. White British colonials had garden cities, and the plans allowed for segregated
practices for the Indians and Africans.
According to P. Hall (2002), planning involved “total concentration on the monumental
and on the superficial, on architecture as a symbol of power; and correspondingly, an almost
complete lack of interest in the wider social purposes of planning” (p. 236). We see this today.
While the poor and minorities are often in the impoverished or blighted areas of cities, the rich,
white Americans live in single-family homes with high values.
While Geddes’ regional planning contributes to the concept of “livability,” in dialogical
planning, Harper and Stein (2012) stated that “nature of such positive rights [food, clothing, and
shelter] is contingent on the particular society and environment,” and that criteria for personal
autonomy may vary (p.89). Social and income inequalities in society, given a free market, are to
be expected. However, in a pluralistic democratic society, there is a consensus of personal
autonomy in the community, but the community’s cultural consensus of “theory of the good”
vary; thus, the roles of public and private realms vary. As stated by Harper and Stein (2012),
“…the importance of being able to lead a life worth living moves the critical liberal to advocate
significant government intervention to correct oppressive inequalities of income, wealth, riskbearing, or power, and to create a social framework that offsets certain conditions and
attributes…affecting the possibility of autonomy. This intervention may include some
redistribution of income or wealth, risk bearing, or power that a classical liberal would oppose
as violating rights to freedom but that contemporary liberals believe can greatly enhance the
autonomy of the disadvantaged without violating the autonomy of the better-off” (p.95).
How do we define “being able to lead a life worth living,” and how do we do so “without
violating the autonomy of the better-off?” John Rawls, a philosopher known for his written
work, Theory of Justice, discussed basic rights and liberties, yet we are challenged as to what
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exactly those should be to “lead a life worth living” (Rawls, 1971). How do we view a livable
community in terms of providing the basic needs of rights and liberties? A community that
prioritizes a “life worth living” has a consensus of complying with principles at the expense of
self-interest.
Our pluralistic democratic society already values the freedom of speech and rights to
education and employment opportunities. However, is this enough to “live a life worth living?”
Harper and Stein (2012) explored autonomy further with the notion of “equality of
opportunity.” While Rawls’ approach to this notion seems appropriate, it raises the need to
address an equitable approach to opportunity. Social and economic inequalities are attributed
to inherent unequal opportunities to rights and liberties. Opportunities are not always
equitable, as circumstances and situations vary for the disadvantaged.
What is allowed to be equal? What is allowable to live a life worth living? The answers
vary among communities, cultural beliefs, and morals. Harper’s and Stein’s (2012) approach in
dialogical planning explains the role of planners in understanding ideological distortions. Rights
to education and healthcare have had inconsistent approaches in different communities. In
American society, Americans have the right to free, appropriate public education. However, the
approach to a life worth living does not include free, appropriate healthcare services. Social and
economic inequalities produce inequalities in a life worth living, as perceived by different
communities.
John Friedmann, an urban planner and planning academic, pulled from the underlying
civic society to focus on social justice in action-oriented planning or radical planning. During the
late 1960s and early 1970s, the civil rights movement was in full swing, and Friedmann focused
his efforts on planning based on the social movements of the time—racial, feminist, and
environmental. In his known publication, Planning in the Public Domain, Friedmann intentionally
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excluded the physical planners and architects in planning history to focus on the social function
by acknowledging four classifications of social efforts—social reform, social learning, social
mobilization, and policy analysis (Friedmann, 1987).

Democracy, Equity, and Diversity
“The least educated and poorest are also entitled to participate in self-governance and
public deliberation. Traditional governance and expert-based planning typically leave out these
groups, who then suffer from environmental injustice and other forms of neglect and unfair
treatment” (Innes & Booher, 2010, p. 170). Public participation is part of the democratic process
of planning. One of the roles of the planner is the advocate. However, the public sector has its
limitations and may look toward private partnerships to strive toward equitable opportunities.
The private sector thrives on profitability, so it seems appropriate to question how a private
entity could be interested in helping those who are underrepresented. However, public-private
partnerships have a role and capacity for the public good through economic incentives and
redistribution of resources while not jeopardizing the private sector’s bottom line.
P. Hall (2014a) and Fainstein (2010) explained that diversity fosters creativity, and this,
in turn, can stimulate economic development. It is important to hear the “narratives” of
disadvantaged groups. The discussion around efforts to address diversity through multiculturalism and recognizing a “disadvantaged” group’s benefits. Attempts to recognizing cultural
differences and embracing this in cities creates an unintentional assimilation as we expect these
cultural groups to accept multiculturalism.
Fainstein (2010) reflected on each city’s transformation based on the three principles
for a just city—democracy, equity, and diversity. As Fainstein (2010) stated, the principal cause
of injustice is housing. I disagree with this statement as I believe that housing is a determinant of
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justice, implying that justice is the term for the ideal society. There are many determinants of
justice in a city—education, health, employment, etc. Rawls’ view of justice questions the
realistic and idealistic, and what is feasible based on capabilities. His approach states that “fair
distribution of benefits and the mitigation of disadvantage should be the aims of public policy.”
However, his “difference principle” is importantly revered. There seems to be an agreement
that injustice is an unequal balance where outcomes result in the disadvantaged having less of
those benefits and are removed from the “entitlements enjoyed by others who are no more
deserving” (Fainstein, 2010, p. 3).
In exploring the relationship of equity and justice, there appear to be inconsistencies in
the definition. Rawls sees justice as being a fair distribution of resources. This seems to imply
equality of resources, not in the benefits, and not necessarily in opportunities. As addressed
earlier in discussing diversity, we need to recognize what diversity is and is not. While the
liberalism and Marxism approach focused on the individual-based needs of different subgroups,
the post-structural approach is group-based (Fainstein, 2010). In addition, we do not want
diversity to be a demonstration of assimilation of a community, but rather a recognition of the
differences in culture, religion, ethnicity, etc., and allow for communities to recognize their
differences. Therefore, since we desire equity to achieve justice, we need not to have a fair
distribution of resources but rather opportunities to allow communities to recognize their
differences.
The discussion around diversity made me appreciate the use of equity as a policy
evaluation measure for justice. However, with that statement, it appears we need to look at
equity as an approach toward justice as opposed to an outcome. Recognizing and addressing
diversity appears to set a framework in identifying equitable approaches and the role of the
planner to ensure those approaches lead to a just outcome.
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Diversity should be a tossed salad of a community rather than a melting pot, as
assimilation is not ideal for many reasons. For example, Marxism’s approach to global capitalism
is a reaction that resulted in cultural imperialism, and not just Western beliefs and cultures.
Also, as Jane Jacobs expressed, diversity needs to be recognized for its benefits as it stimulates
creativity and leads to economic growth (Fainstein, 2010). The planner's role faces the challenge
of recognizing diversity but at the pressures of competing interests from developer investments.
It seems we are at a conflict in this and unintentional imperialism seems to play out. In the
democratic process, officials/planners/decision-makers unintentionally invoke their own beliefs.
Even while recognizing cultural differences, the approach to multi-culturalism may not truly
reflect the needs and interests of the inflicted “disadvantaged” groups. Allowing for multiculturalism and understanding what that means does not always translate to “disadvantaged” to
the implied group. As a subjective term, it can be a dangerous term based on own cultural
framework and expectation. Therefore, we see “greater equality does not eliminate hostility” as
“recollections of persecution of one group by another or feelings of group superiority based on
color, nationality, or religion will not disappear simply because of economic equality” (Fainstein,
2010, p. 45).
Intended efforts to break the social isolation of disadvantaged groups to strive toward
diverse communities have led to the disruption of social networks. We are seeing a paradox of
addressing diversity in a way to improve the distribution of benefits. Residents thrive on their
social networks, which cannot be economically measured, and this reflects on whether we are
really aiming for a fair distribution of resources or opportunities. Forced displacement is not
democracy or equity, as this leads to gentrification, thus changing the community’s identity and
sense of ownership.
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Regarding democracy, public participation is important for the diversity of community
representation. However, it fails to address how to approach equitable democracy except that
planning is a process to allow for diversity. So, if we see equity as an approach to justice, we
need to elaborate on what this looks like in addressing equitable approaches to democracy that
fosters diversity. The discussion around power relations and the redistribution of decisional
power to the community comes close to the strategy for equitable democracy. However, it does
not explain how to address the conflicts of diversity mentioned.

Process and Product in Planning
Dialogical planning does not start with knowing the solution but rather understanding
the problem. Therefore, effecting planning requires an effective process. I appreciate Geddes’
approach to planning—the need to survey and acquire knowledge to inform and guide planning
for a region. Combining this with community and stakeholder engagement and effective
communication, planners will have the knowledge to guide a product. Fostering collaborative
partnerships is part of the process. The solution results from collaborative decision-making. If
not more important, the product may also be an effective collaboration of partnerships with a
backbone of inter-relational trust.
Traditional planning approaches to engaging citizen participation focuses on public
hearings and surveys. However, it is recognized that this approach is not effective in garnering
diverse community representative participation, yet, it is still common practice (Klein, 1994).
Community mobilization is a growing movement in planning. As an essential part of the planning
process, community participation contributes to the adaptivity of the planning process, thus
strengthening the societal system (Smith, 1973). Recognizing diversity as having community
benefits in planning, participatory planning through a community-led approach allows the
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planning process to be democratic. However, participatory planning is not without its
challenges. Umemoto (2001) addressed the epistemological challenges in working with a
culturally diverse community. These challenges include multiple meanings of language,
respecting and navigating cultural protocol, and understanding the role of power.
In Connerly and Wilson (1997) work in African American planning, civic associations
were the lead to improve the quality of life of black communities in Birmingham. This grassroots
approach engaged the residents and empowered them to make efforts to improve their
communities. In alignment with Klein’s discussion, the approach to civic engagement is multifaceted and requires local community leadership and advocacy. Further, Klein emphasized that
there is no “one size fits all,” and planners need to adopt approaches best to meet the
community's needs (1994). This includes awareness of race and representation in meetings.
Further planning is “attention shaping,” which is key in addressing racial challenges in
communities by forcing the consideration of differences and stereotypes.
Innes and Booher (2010) offered a thorough look into the types of dialogues that occur,
how these bodies of knowledge are interpreted, and the challenges for dialogue inclusion and
collaborative governance. They listed four functions that are required for dialogue—a mover, a
bystander for perspective, the opposer, and a follower to help complete the process. Keeping
these functions or roles in mind, it is useful to be reminded of epistemologies and their role in
influencing decisions and policies. Dialogue and its interpretation require a nonlinear approach,
which is dynamic and multi-faceted, with the end product not being the means, but rather the
“end product is decided by the way materials at hand can be assembled” (p. 137).
Several factors contribute to decision-making. As Innes and Booher (2010) explained, it
is not just about the information on an issue. Decision-making also examines the approach in
how the decision is made (i.e., public hearing, legislative voting, etc.), the players of supporters
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and opposers, and the impact on one’s local jurisdiction. This is where the various
epistemologies are important to understand and use appropriately. How information is
assembled for dissemination needs to vary based on the intended use and framing. These
require various epistemologies. For example, legislative letters can help policymakers consider a
new policy that may be affected by anecdotal information and testimonials that accompany
data that will impact his/her local jurisdiction. Policy Briefs can be given to policymakers and
guide advocacy groups with data-driven policy recommendations. Depending on framing, these
reports can lean on the interests that best engage the policymaker. While not all issues in
dialogue result in developing a policy, dissemination of information may demonstrate
justification and may be useful to “protect the agency from criticism about what they did do and
to maximize their future funding” (p. 150). This information is useful for justifying an agency
program and informing constituents on what an agency is doing with its funds.
The time invested in fostering the relationships and establishing trust can produce
better quality outcomes. It is the process that can produce sustaining relations. Investing in
developing collaborative partnerships has the potential of supporting projects beyond the task
at hand. However, collaborative decision-making is complex. Collaborative decision-making
requires agreeing to tradeoffs. What one organization is willing to give up can vary in the value
of another organization’s gain.
Collaborative governance focuses on the process and transforms planning away from
the hierarchical top-down form of governance. Power and control are shared. This can be
challenging for individuals and organizations, especially when faced with competing interests
and funding. It is common to see organizations and government agencies being territorial in the
goods and services they provide. We do understand that organizations working in silos but
toward similar goals are not efficient. However, changes in society, such as advancements in
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technology or migration, results in evolving needs and community interests. Thus, collaborative
governance allows for an effective process whose goals will vary. It also allows for successes to
be shared.
The product of planning is commonly a “plan.” While this can be a plan for
transportation, affordable housing, or economic development, it is not likely the final product.
Given the dynamic nature of city and regional planning, whatever the product is, it will require
changes to accommodate emerging needs or budget changes. In other words, the product is
likely a “working” or “living” document or plan, with an expectation to be modified, or updated,
periodically, or as needed. In collaborative decision-making, and participatory planning, the
process is more important than the plan, but the plan's collaborative shares ownership.

Concluding Thoughts in Urban Planning Theories
Social equity is health equity. Culture is a determinant of equitable planning, just as it is
a determinant of health. Causes of injustice stem from limitations in education, housing,
transportation, healthcare, and employment. An equitable process is just.
After a career in public health, I cannot ignore the parallels with the role of planning.
Both disciplines focus on meeting public needs and serving the public’s interests. The roles of
the planner are quite like the public health professional. We also see the challenges of
translating theory into practice.
The extant planning theory falls short in a couple of areas. A theory does not determine
how reality plays in practice. However, empirical evidence can help better understand the
application of a theory. Theories provide a framework for thinking; in understanding the
multitude of factors that contribute to outcomes. Equitable planning emphasizes the
importance of democracy and addressing diversity. However, it has not been clear that
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addressing equity is part of a process. Instead, equity is seen as a desired outcome, but equity
requires action or an approach, which has not been well demonstrated. What does equitable
democracy look like in the planning process? Also, extant planning theory seems to lack
attention to sustainability. By that, I mean the challenges communities face—housing,
transportation, employment—seem to be cyclical.
Rectifying these shortcomings may require patience for the profession’s existence.
Planning as a profession is relatively new, and I do not think it is widely known as a profession.
Of course, we need to study the practice for empirical evidence. Like public health, expected
outcomes do not always come immediately, but rather over time. As P. Hall (2014a) stated, “at
the end of nearly a century of modern planning, the problems of cities remained much as they
had been at the start” (p. 482). While this is a discouraging statement, perhaps we are impatient
in seeing changes of significance. We have made progress in areas of planning, such as
sanitation, housing, and transportation. Perhaps, we are still defining the profession. If that is
the case, planning theory is still in development.
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Health in Planning
The early planning profession began as a result to address poor urban sanitation and
hygiene conditions. The architecture field adopted early planning practices, but as the
profession moved to the mid-20th century, the fields diverged and focused on meeting housing
needs and land-use policies. By doing so, the focus of health became its own discipline, and with
advances in technology, research focused on the treatment and control of diseases. However, as
these professions worked in silos of each other, each prioritized vulnerable population groups to
improve living conditions and wellbeing. Meanwhile, emerging health issues brought attention
to the need for interdisciplinary research between planning and health.

Early Planning to Control and Prevent Infectious Diseases
In 1854, Dr. John Snow aimed to disprove the miasma theory (bad air) as the cause of
cholera by tracing the source of the cholera epidemic in the Soho neighborhood of London
(Snow, 1855, 1857). With the help of the local clergyman, Reverend Henry Whitehead, Dr. Snow
followed the water sources to homes and the local water pump, while Rev. Whitehead
interviewed the homes of the deceased and identified patient zero. Dr. Snow’s analysis and
interviews provided the information needed to map cholera deaths, which resulted in clustering
around a single water pump (Johnson, 2006; Snow, 1855, 1857). His findings, and the methods
in reaching them, may have earned him the title of founder of modern epidemiology, but his
map influenced the municipal decision in changing water and sewer infrastructure, which
earned his recognition in urban planning (Johnson, 2006).
Frederick Law Olmsted is known as the father of landscape architecture, namely for his
work in designing New York City’s Central Park and other green spaces. However, Olmsted’s
career as head of the United States Sanitation Commission during the Civil War gave him the
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insight into the interconnection of the physical environment, design, and health to understand
the importance of open space for clean air, hence Central Park’s nickname being the “Lungs of
the City” (Fisher, 2010).
Crowded housing and poor sanitation conditions contributed to digestive diseases such
as cholera and dysentery and infectious diseases such as tuberculosis. Those living in highdensity urban areas were also vulnerable to industrial pollution, thus contributing to respiratory
diseases (Frumkin, Frank, & Jackson, 2004). By the beginning of the 20th century and during the
industrialization era, increased immigration and advances in transportation contributed to the
Garden City movement by architect Ebenezer Howard (Howard & Osborn, 1946). While the
Garden City design of housing and neighborhoods emphasized land/agriculture stewardship and
open space for recreation with local transit for mobility, this exacerbated housing conditions for
the low-income who did not have the means to move away from the city (P. Hall, 2014a;
Howard & Osborn, 1946). Thus, we see gentrification and disparities of living and health
conditions for those who are non-white and/or low-income. According to Hall, planning during
this time focused on beautification and involved “total concentration on the monumental and
on the superficial, on architecture as a symbol of power; and correspondingly, an almost
complete lack of interest in the wider social purposes of planning” (Hall, 2014, p. 236).

Planning during the Industrialization Era led to Health Disparities and Social Inequities
The early to mid-20th century saw increases in transportation options and population
growth in urban areas, especially among immigrants. Mumford described the approach to
planning based on needs, and there were two Americas during this time—America for the
Settlement and America for the Migration (Hall, 2014). Urban congestion and crowdedness
yielded social and health problems, which resulted in a planning strategy to separate land uses
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(Sloane, 2006). In 1916, New York City became the first municipality to establish a zoning
resolution, largely to protect property owners, which separated land uses by zoning districtscommercial, residential and unrestricted zones (Maantay, 2001). Yet doing so created a disparity
of housing and health conditions from the residential enclaves in the unrestricted zone who are
largely low-income, working in the nearby factories, and do not have the protections offered to
those living in the residential zones (Maantay, 2002).

Health and Inequities in the Built Environment
Health inequities have largely been associated with socioeconomic status and race. Early
studies that examined the relationship between the built environment and health have seen
similar characteristics of health inequities in general. Individuals who are disproportionately
impacted by poor health are largely low-income and racial/ethnic minorities. Solutions to
improve health included policies to address the built environment, such as land-use zoning and
code enforcement. Figure 2.1 depicts a parallel timeline of planning and public health
milestones.

Figure 2.1 Public health and land-use planning milestones Source: Schilling and Linton (2005)
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In a span of 100 years, the leading causes of death transformed from infectious diseases
to chronic diseases in the United States. While there have been advancements in healthcare
technology, including the advent of vaccines, health inequities exist, thus contributing to health
disparities. However, the built environment and land-use planning have been contributing
factors to these health inequities. As a result, land-use planning plays a role in addressing these
inequities.

Housing
As mentioned earlier, in the 19th century, high infectious disease rates, such as
respiratory and diarrheal diseases, were associated with poor housing conditions (Schanzenbach
et al., 2016). Housing crowdedness and lack of sanitation were often the influencing factors to
such infectious diseases, which were the leading causes of death during that time. However,
mortality and morbidity of infectious diseases disproportionately affected low-income residents
and immigrants. Even as early as the mid-19th century, health experts recognized the role that
crowded and poor housing conditions had in influencing infectious disease transmission (Krieger
& Higgins, 2002). Florence Nightingale, famed English social reformer and founder of modern
nursing, even acknowledged, “the connection between health and the dwelling of the
population is one of the most important that exists” (Lowry, 1991, p. 9).
Further, in London, studies have demonstrated the relationship between the working
class living in slums and infectious diseases, such that public health campaigns to combat
tuberculosis, typhus, and other infectious diseases, focused on the quality of housing and
sanitation (Tulchinsky & Varavikova, 2014). As a result, New York City and London had instituted
policies to address the poor housing conditions. In London, Edwin Chadwick’s studies on the
working class's living conditions contributed to the first-ever Public Health Act in 1848. The
30

subsequent housing policies geared toward formalizing housing standards, including the Public
Health Act of 1875, Artisans and Labourers Dwellings Act of 1875, the Royal Commission on
Housing of the Working Classes, then becoming the Housing of the Working Classes Act 1890,
and later the Ebenezer’s Garden Cities movement (Stewart, 2005). In New York City, the
Tenement House Act of 1901 established requirements for constructing and maintaining
dwellings to address crowded and unsanitary conditions (Schilling & Linton, 2005). In these
policies and later related housing policies, such as poor housing conditions resulting from
disease vectors (e.g., rodents and insects) that contribute to infectious diseases, local
governments (in the UK and NYC) allowed resources to monitor and enforce housing
requirements (Krieger & Higgins, 2002).
Zoning ordinances are land-use policy tools that planners use to control land-use
systems and the built environment. Simply speaking, zoning separates land areas based on
broad categories, such as residential, commercial, and industrial. However, early zoning
practices contributed to residential segregation. The 1916 New York City Ordinance aimed to
control development and protect the aesthetics of the upscale area, largely in the financial
district. Instead, the new zoning ordinance reinforced residential segregation. It allowed
industrial districts to be mixed-use so it allowed workers to be within walking distance. In the
next few decades, as industrial jobs decline, these areas became repositories for waste-related
uses (Maantay, 2001). Further, public housing projects and highways were often situated in
these formal industrial areas, contributing to the decline of neighborhoods and their
corresponding poor health impacts (Maantay, 2001). The 1916 zoning ordinances became the
foundation for planners to use zoning as a tool with its lessons learned and to separate and
control land uses and development.
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Even today, housing is a strong determinant of health, and poor housing quality is
associated with infectious diseases, chronic disease, injuries, and poor mental health (Krieger &
Higgins, 2002). Indoor air quality has been recognized as one of the leading environmental
health risks and contributes to cancer and other respiratory-related illnesses. The Clean Air Act
of 1970 authorized regulations and oversight for state and local agencies to address, mitigate
and enforce policies to housing and building standards, including ventilation requirements to
address mold and moisture (Jacobs, Kelly, & Sobolewski, 2007). Healthy Homes programs
support such housing policies to address indoor environmental exposures to lead, radon, and
tobacco smoke (Krieger & Higgins, 2002). However, indoor air quality continues to be a concern
among low-income residents living in older homes or rental units as the cost associated with
mitigating environmental exposures is unattainable for residents and landlords.

Sprawl and Transportation
During the mid-20th century, urban sprawl and automobile-centric society emerged.
With poor air quality in the inner city and affordable mortgages, families moved into their
single-family homes with their automobiles in the suburbs. Automobiles offered a convenience
to get to places and became a focus in regional planning, but not without consequences.
Automobile-dependent communities due to urban sprawl have contributed to increased
commute times causing stress, increased sedentary lifestyles contributing to obesity and other
chronic diseases, and reduced social capital (Frumkin et al., 2004). The disconnect of public
health and planning evolved during the mid-20th century with the biomedical focus on diseases
instead of the social dimensions, while planning focused on economic efficiencies and
accommodating the automobile (Corburn, 2004).
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Urban sprawl has resulted in health disparities among the low-income and people of
color, as well as concerns around environmental justice from the planning perspective. Toward
the end of the 20th century and into the early 21st century, the interdisciplinary fields of
planning and public health recognized the need to incorporate the social dimensions to improve
inequities. This included the need for transportation options, including active transport, mixed
land uses, affordable housing initiatives, new urbanism, and placed-based planning.
In 1997, Maryland’s Governor Glendening launched the Smart Growth Priority Funding
Act of 1997, to incentivize higher density in Priority Areas and protect the area outsides these
Priority Areas. The Maryland Office of State Planning was tasked to identify these funding
priority areas based on several goals such as supporting communities where infrastructure
exists, protect natural resources, save taxpayer money from building infrastructure that is far
from town centers, and support a high quality of life. The Smart Growth Plan and the National
Smart Growth Principles included strategies to support compact, walkable neighborhoods and
preserve open space (Schilling & Linton, 2005). The Smart Growth movement aligned zoning to
public health practices while also supporting environmental sustainability efforts.
Smart Growth principles have been nationally recognized and incorporated at some
level in states. These principles have been framed as effective policies addressing traffic
congestion, air pollution, and active living. Transit-oriented development (TOD) would allow
residents to live and work in proximity to public transit. However, the efforts to address sprawl
with livability principles have contributed to gentrification concerns, as these communities
became desirable, which then increased property values. Cities’ efforts to increase TODs have
reinforced residential segregation, gentrification, and the displacement of low-income residents
and people of color (Tehrani, Wu, & Roberts, 2019). Thus, the economic attraction has
developed a paradox toward the marginal, vulnerable residents that these environmental
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principles aimed to protect (Pearsall & Anguelovski, 2016). Affordable housing policies have
become part of the integrated land use and transportation model to promote housing
affordability while improving access to transit among low-income residents (Dawkins &
Moeckel, 2016)

Sustainability and Emerging Health Concerns
The current novel coronavirus, COVID-19, is a species of viruses in which pathogenic
origin comes from animals. It has demonstrated the vulnerability of humans to emerging and
novel diseases. Animal to human infections, including viral, bacterial, parasitic, and fungal, are
collectively known as zoonotic diseases. Zoonotic diseases are very common, not only in the
United States, but around the world, with almost 60% of known infectious diseases coming from
animals, and nearly 3 out of 4 new or emerging infectious diseases (EID) originating from
animals U.S. Centers for Disease Control and Prevention (CDC).
According to the CDC, the United States’ national security is at risk within 36 hours of a
pathogen outbreak in any remote area of the world (CDC, 2017). Moreover, it has been shown
that large urban agglomerations of settlement and economic activity are both sources of these
EIDs, as well as stop-over points that potentially turn regional epidemics into global pandemics.
Urban megaregions are the nodes through which these pathogens arrive in the United States,
and an interconnected “global urban ecosystem” (Spencer, 2014) of cities is the overarching
mechanism through which they threaten national security.
Importantly, the CDC also describes how these infectious disease outbreaks take hold in
the world’s most vulnerable areas, thereby allowing a lack of adequate infrastructural resources
needed to stem the tide of infection locally allows a pathogen to proliferate and become a
global threat. Before global systems of human interaction, new infectious disease outbreaks
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were often limited in geographic scope due to the rapid and deadly transmission of pathogens
through local populations; such epidemics would kill off all the host individuals before a given
pathogen could spread to other locations in sufficient numbers. Today, this type of “natural”
local containment cannot be expected to happen, and interdisciplinary teams of scholars have
developed new perspectives that explain EIDs in remote urban agglomerations as the result of
several convergent conditions that clearly intersect with the work of planning scholars and
practitioners: 1) infectious zoonotic pathogens “spilling over” from animals to humans; 2) the
development of antimicrobial resistance; 3) unplanned and rapid urbanization; 4) agricultural
intensification; and 5) weak public health infrastructures (Kapan et al., 2006; Wilcox & Colwell,
2005). This work has come to recognize that zoonotic disease transmission has occurred
throughout history, but it is the rapid urbanization and peri-urbanization that enables these
formerly remote diseases to quickly spread to large population centers and threaten public
health with regional and global pandemics.
The Institute of Medicine published a report identifying multi-factorial aspects
influencing the emergence of diseases, which was later termed the “convergence model”
(Lederberg, Hamburg, & Smolinski, 2003; Oaks Jr, Shope, & Lederberg, 1992). The model
suggests the major themes driving the intensifying biological and physical environmental, and
ecological and social factors are microbial adaptation and change; changing ecosystems and
economic development and land use, among other themes such as international travel, climate,
and political will (Lederberg et al., 2003). To test this model, S. Saksena et al. (2015)
demonstrated support for the convergence model applied to the emergence of Highly
Pathogenic Avian Influenza (H5N1) in Vietnam and the potential to improve prevention efforts
for emerging infectious diseases.
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The S. Saksena et al. (2015) study examined urbanization, diversified land uses, and
poultry intensification, and their associated risk for avian influenza. In a previous study, J. H.
Spencer (2013) examined the non-linear characteristic of urbanization and avian influenza risk
and found that increased diversity in water supply and sanitation infrastructure was highly
associated with avian influenza incidence rates. However, one of the challenges in measuring
urbanization is the differences in scale of urbanicity and rurality. Therefore, Sumeet Saksena et
al. (2014) developed an urbanicity classification that includes the various agriculture functions
within an urban and rural spectrum—rural, peri-urban, urban, and urban core. This classification
system was applied to the S. Saksena et al. (2015) convergence model and avian influenza study.
While urbanization alone was not associated with increased risk of avian flu, the degree of
urbanization with its features of increasing densities of chickens, duck, and geese flock size
diversities and the fraction of land under rice or aquaculture were highly associated with avian
flu risk (S. Saksena et al., 2015).
Land cover and land use changes have been associated with about 75% of zoonotic
disease, which includes the diversification of agriculture and peri-urbanization resulting in
fragmenting and diverse landscape patterns (Jones et al., 2008; S. Saksena et al., 2015; L. H.
Taylor, Latham, & Woolhouse, 2001). The diversified and fragmented landscape results in
increased frequency and intensity among species which is thought to increase exposure
between host species (Despommier, Ellis, & Wilcox, 2006). S. Saksena et al. (2015) found landuse diversity and the rate of avian flu were strongly associated.
With increasing populations and rapid urbanization, there is increasing demand for
agricultural products. In other words, people need to be fed to survive. Globalization has made
it possible to increase the trade of such agricultural products. Therefore, this has caused an
increase in large-scale production, including chicken farms raising thousands of chickens. These
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often compete with the extensive system of domestic and small backyard chicken farmers. S.
Saksena et al. (2015) examined the co-existence of intensive and extensive systems of chicken,
duck, and geese production in the same commune and found an increased risk of avian
influenza.
With globalization and urbanization, the threat of emerging infectious diseases rises as
visitors and migrants can easily travel to cities worldwide (Alirol, Getaz, Stoll, Chappuis, &
Loutan, 2011). For example, the 2003 outbreak of Severe Acute Respiratory Syndrome (SARS)
was reported initially in Asia and rapidly spread through other continents before being
contained (Matthews & McDonald, 2006). Highly pathogenic avian influenza (HPAI), a subtype of
H5N1, was an emerging threat in Asia, where human handling of infected birds had resulted in
57 deaths in 2005 (Matthew & McDonald, 2006). However, the greatest concern is when this
virus evolves to human-to-human transmission, which may potentially lead to approximately
89,000-207,000 deaths worldwide. In Vietnam, where densities of chicken, ducks, and geese are
high in peri-urban areas, urbanicity and land-use diversity are associated with a greater risk of
H5N1 outbreak (S. Saksena et al., 2015). In the COVID-19 pandemic, initial infections began in
Wuhan, China, in the fall of 2019, but with global travel, the infection spread to Europe with
localized outbreaks in Italy. It did not take long for the infection to become a World Health
Organization-designated pandemic, a globalized spread of infection. Shutting down
international travel helped control the global spread, but as a reactionary protocol for a disease
that spreads exponentially, it came too late. For example, the United States suspended all
incoming flights from China after the novel virus was beginning to spread in Europe. As a result,
the largest outbreak early in the US, early in the pandemic, occurred in New York City, initiated
by a resident returning from a trip in Europe.
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In addition to the emerging threat of natural disease infections, there is the emerging
threat of nefarious infectious diseases, such as disease agents as biological weapons and
intentional contamination of food supply (Matthew & McDonald, 2006). The interdisciplinary
aspects of planning and public health have the roles in addressing emerging infectious diseases
and perceptions of diseases, including disaster planning and encouraging self-sufficiency in food
production (Matthew & McDonald, 2006).
Around this same time, concerns around climate change and the need to implement
sustainability practices emerged. Climate change, driven by human behavior, jeopardizes the
global ecosystem, which impacts human health on many fronts—heat-related illnesses; vectorborne and waterborne diseases; respiratory diseases due to poor air quality; food insecurity
from decreased crop yields; and mental health illnesses such as post-traumatic stress disorders
following natural disasters (Patz, Frumkin, Holloway, Vimont, & Haines, 2014). Planning
strategies such as green infrastructure, active transportation options, Smart Growth principles,
and sustainable design aim to reduce the human influence of climate change while also
addressing resiliency from the impact of climate change (Randolph, 2004).

Rise in Food Planning in the United States
Research on the health behavior and implications of food insecurity has largely been
drawn from public health research. Food insecurity results in many negative consequences;
however, the health impact differs in developed countries than in developing countries. As a
developed country, food insecurity in the United States is strongly associated with chronic
conditions, including hypertension, coronary heart disease, stroke, diabetes, and cancer
(Gregory, 2017). The food insecurity and obesity paradox contribute to these chronic conditions.
In developed countries, like the US, the food insecurity and obesity paradox is due to the quality
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of diet, such that households with limited finances are likely to access more affordable energydense foods and binge on food when food is available since a next meal may not be predictable
(Franklin et al., 2012). Diabetes is further complicated by food insecurity due to inadequate diet
(Berkowitz et al., 2018). In children and adolescents, food insecurity not only has health
consequences but also negatively affects cognitive development, mental health, and behavior
(Gundersen & Ziliak, 2015).
Food access and affordability have been identified as contributing factors toward food
insecurity (Ver Ploeg, 2010b; R. E. Walker, Keane, & Burke, 2010). Low-income households,
whether urban or rural, are more likely to travel further to a grocery store for healthy and
affordable food (Clifton, 2004; Hillier et al., 2011; Inagami, Cohen, Finch, & Asch, 2006;
Kaufman, 1998; Ver Ploeg, Mancino, Todd, Clay, & Scharadin, 2015). Food deserts, or lowincome neighborhoods with limited access to grocery stores, have been studied in public health
research as an influencing factor to poor diet (Berkowitz et al., 2018; Ver Ploeg, 2010b).
Similarly, food affordability influences purchasing behaviors, thus contributing to diet. Healthy
food options, such as fresh fruits and vegetables, are often more expensive than processed,
energy-dense foods (Ghosh-Dastidar et al., 2014; Monsivais, Mclain, & Drewnowski, 2010).
Further, while grocery stores have more variety of healthy food options, smaller retailers and
convenience stores are limited in their availability of healthy food options and are more likely to
have more expensive staple food items (Caspi, Pelletier, et al., 2017; Gosliner et al., 2018).
Despite the efforts of the federal Supplemental Nutrition Assistance Program (SNAP) to
help households increase their purchasing power for food, food insecurity continues to be a
widespread issue. Several influencing factors contribute to food insecurity—socio-economic
demographic factors, such as income level, race, ethnicity, and age. Physical environment
characteristics include the built environment that influences accessibility and availability of
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food. Socio-economic support factors include the non-physical resources that contribute to food
security, such as food pantries and community support. Details of these factors are expanded
below.

Socioeconomic Demographics
By definition, food insecurity implies limited financial resources to access food. As such,
low-income population groups are more likely to experience food insecurity. However, not all
low-income households experience food insecurity and not all food-insecure households live in
poverty (Bartfeld & Dunifon, 2006).

Household Income and Household Expenses
Income is the greatest predictor of food security such that low-income population
groups are more likely to experience food insecurity (Bartfeld & Dunifon, 2006). Thirty-one
percent of low-income households with incomes below 185% of the poverty level are foodinsecure (A. Coleman-Jensen et al., 2017). With income being associated with employment,
changes in employment status can affect food security. In a study done by Loopstra and Tarasuk
(2013b), change from full-time employment status to part-time employment status increases
households' rate of reporting food insecurity.
The cost of living is important since it has implications on the availability of money for
food when factoring in housing and utility costs (Bartfeld & Dunifon, 2006). Among low-income
households, individuals are faced with these trade-offs. Knowles, Rabinowich, Ettinger de Cuba,
Cutts, and Chilton (2016) define trade-offs as “perceived forced choices between paying for a
variety of necessities because of financial limitations” (p. 26). For example, low-income families
who heat their homes in the winter spend less on food (Frank et al., 2006). Trade-offs include
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choosing between food and paying for medicine, rent/mortgage, utilities, transportation, and
education (Pinard et al., 2016). Housing costs are one of the main expenses that prioritize food
(Gorton, Bullen, & Mhurchu, 2010). According to a study done by Kirkpatrick and Tarasuk
(2009), families with housing costs that consumed more than 30% of their income, and
households in rent arrears, have increased odds of food insecurity. Additionally, homeowners
are less likely to be food-insecure compared to home renters (McIntyre, Wu, Fleisch, & Emery,
2016)

Race/Ethnicity
Racial/Ethnic disparities exist with food insecurity. African Americans and Hispanics are
more likely to experience food insecurity than white populations (Hernandez, Reesor, & Murillo,
2017; Vaccaro & Huffman, 2017). According to A. Coleman-Jensen et al. (2017), 22.5% of
households headed by Black/African-Americans, 18.5% headed by Hispanics, and 9.2% of White
households experience food insecurity.
There is less research studying the relationship between Asian populations and food
insecurity in the United States. Among Asian and Asian American population groups, food
insecurity is not a widespread issue but rather more localized in different regions. In a California
study examining food insecurity among different Asian subgroups, Vietnamese had the highest
prevalence of food insecurity while Japanese had the lowest (Becerra, Mshigeni, & Becerra,
2018). In Nevada, Filipino Americans had the highest prevalence of food insecurity among Asian
subpopulation groups (Cheong et al., 2019).
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Gender
Women are more likely to eat less than 50% of the recommended dietary allowance
(RDA) when living in food-insecure households (Rose, 1999). Women who are head of
households with children are more likely to be food-insecure than men head of households with
children (31.6% and 21.7%, respectively (A. Coleman-Jensen et al., 2017). In a study examining
the relationship between food insecurity and overweight/obesity populations, food-insecure
women are more likely to be overweight/obese than food-insecure men (Hernandez et al.,
2017).

Age
In general, rates of food insecurity among the elderly are less than the national
prevalence (A. Coleman-Jensen et al., 2017). However, with an increasingly aging population, it
is likely to see a rise in food insecurity among elderly households (Ziliak & Gundersen, 2013).
Elderly groups are more likely to face food insecurity when they live on a fixed income (Rose,
1999). Of the households with children, eight percent of the children are food-insecure (A.
Coleman-Jensen et al., 2017).

Socioeconomic Support
Social Capital
Social capital is associated with decreased hunger (Martin, Rogers, Cook, & Joseph,
2004). When social capital is lacking, very low food insecurity may result in individuals engaging
in socially unacceptable practices to obtain food, including stealing and exchanging sex and illicit
drugs for food (Whittle et al., 2015).
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Informal assistance from family and friends, or social support and relationships, tend to
be longer-lasting and reduce the risk of food insecurity and remaining food-insecure (King,
2017). Similarly, social cohesion in an environment, or the absence of social conflict and strong
social bonds, reduces the risk of food insecurity (Carter, Dubois, & Tremblay, 2014). In a study of
households with children, Carter, Dubois, Tremblay, and Taljaard (2012) suggest formal
interventions such as national nutrition assistance programs (i.e., SNAP) should focus on the role
of the social environment in addressing and preventing food insecurity. However, there seems
to be inconsistency in the literature on the role of social support. According to De Marco and
Thorburn (2009), they found no evidence suggesting social support being a moderator for food
insecurity among Oregon residents.

Government Support and Policy
According to the USDA, less than 60% of food-insecure households participated in one
of the three USDA food and nutrition programs: Supplemental Nutrition Assistance Program
(SNAP), Supplemental Nutrition Program for Women, Infants, and Children (WIC), and the
National School Lunch Program (A. Coleman-Jensen et al., 2017).
SNAP Participation: Participation in the USDA’s SNAP benefits households in reducing
the rate of food insecurity (J. Mabli & Ohls, 2015). In a longitudinal study (6-month participation
in SNAP), the rate of food insecurity and very low food insecurity reduced up to 17% and 19%,
respectively (J. Mabli & Ohls, 2015).
WIC Participation: The WIC program offers supplemental nutrition assistance for eligible
pregnant women and children from birth through 5 years of age (A. Coleman-Jensen et al.,
2017). In a longitudinal study of WIC participation and food security, Metallinos-Katsaras,
Gorman, Wilde, and Kallio (2011) found that the odds of post-partum food insecurity reduced
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with WIC participation in the first or second trimester, unlike the third trimester. Additional WIC
visits lower the odds of food insecurity for children (Metallinos-Katsaras et al., 2011). However,
in a different study among Hispanic and African-American participation, their diet changed to
increased low-fat dairy and fruit consumption, but home availability of such food did not show
any significance (Odoms-Young & Bruce, 2018).
National School Lunch Program: The USDA’s Free and Reduced Lunch Program during
the school lunch program reduces the prevalence of household food insecurity. However, statelevel offerings of the National School Breakfast Program and the National Summer Lunch
Program have not shown significance in the impact of household food security (Bartfeld &
Dunifon, 2006). Though there are far fewer summer feeding programs in states, and for those
that offer summer feeding programs the enrollment is less than those eligible (Miller, 2016). As
a result, children who participate in the Free and Reduced-Price School Lunch Program during
the school year have higher food insufficiency rates in the summer (Huang, Barnidge, & Kim,
2015).

Community Support
Community food banks and pantries offer an opportunity to alleviate food insecurity
and hunger. However, several studies suggest that these community programs do not do
enough or are not effective in addressing community food insecurity (Jablonski, McFadden, &
Colpaart, 2016). Food banks and pantries rely on donations and volunteer time, limiting the
assistance they can offer families (Loopstra, 2018). Further, stigma in receiving food from
community food banks lowers participation in such community support programs (Loopstra &
Tarasuk, 2013a). While food pantries provide a role in improving food security and can influence
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household diets, the nutritional quality does not necessarily support a healthy diet (Bazerghi,
McKay, & Dunn, 2016; Simmet, Depa, Tinnemann, & Stroebele-Benschop, 2017).
There is inconsistent support of urban agriculture efforts to address food access and
food security. According to Meenar and Hoover (2016), while urban agriculture practices are
integral for a sustainable system, in Philadelphia, not all community gardens offer significant
economic contributions, and community gardens do not support, even unintentionally, social
inclusion. On the other hand, home gardens can improve food security regardless of income
levels (Jablonski et al., 2016). With community partnerships and support, there is potential that
urban agriculture projects can offer increased food security as well as improves social cohesion
in minority neighborhoods (Hatchett, Brown, Hopkins, Larsen, & Fournier, 2015).

Neighborhood Environment
Geographic Location
States varied considerably in their prevalence of food insecurity. Mississippi reported
the highest rate at 18.7% (A. Coleman-Jensen et al., 2017). Among the geographic regions, the
South has the highest prevalence of food insecurity, while the Northeast has the lowest
prevalence (A. Coleman-Jensen et al., 2017). Further, rural areas and principal cities, or the
largest city in a Metropolitan Statistical Area (MSA), have higher food insecurity rates than
suburban and exurban areas (A. Coleman-Jensen et al., 2017).

Food Environment
Convenience stores are the most common food access point among communities with
high levels of food insecurity (Freedman & Bell, 2009). Residents who live in poor and minority
neighborhoods have less access to healthy and affordable food than more affluent and non45

minority neighborhoods (Tach & Amorim, 2015). Also, reliance on these small food stores may
contribute to food insecurity since the price of staple foods are higher compared to grocery
stores (Caspi, Lenk, et al., 2017a, 2017b; Caspi, Pelletier, et al., 2017). In a study done by
Freedman and Bell (2009), 70% of convenience stores do not sell fresh fruits and vegetables.
However, placing supermarkets in low food access areas may not be as important as marketing
for healthy foods (Ghosh-Dastidar et al., 2014)
There has been mixed evidence on the role of distance to food retail and food
insecurity. In a study done in South Carolina, families who were very food-insecure were
perceived to have less access to healthy, affordable food in their community, even when there
was a grocery store in the community (Ma et al., 2016). In a Philadelphia study, residents
reported to be food-insecure felt they had good access to food (Mayer, Hillier, Bachhuber, &
Long, 2014). Mayer et al. (2014) suggest other than addressing food access, improving food
security may require addressing food affordability. One reason individuals may choose a small
food retailer, despite higher prices, is the time and cost to travel a distance to a grocery store
(LeClair & Aksan, 2014).

Transportation
Most individuals use their personal vehicles to shop for food. However, there is a
disparity when examining food security. According to Jablonski et al. (2016), 91% of food-secure
households use a personal vehicle, while 70% of food-insecure households use vehicles. Those
without transportation depend on walking to do their food shopping (Jablonski et al., 2016).
According to LeClair and Aksan (2014), opportunity costs are higher when traveling by bus to the
supermarket, which may outweigh the direct cost savings.
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There is abundant research on the role of transportation and food access as it relates to
food deserts or the lack of a supermarket in low-income areas. However, in its role in food
security, the research seems to be limited. The work by LeClair and Aksan (2014) and Jablonski
et al. (2016) suggests opportunity costs as factors influencing food security. This includes the
time and costs it takes to travel to access food.

Neighborhood Characteristics
Racial residential segregation is the physical separation of races through implicit
institutional mechanisms, which is extremely high for African Americans (D. R. Williams & C.
Collins, 2001). Residential segregation contributes to racial disparities in health and social
outcomes, including food insecurity (D. R. Williams & C. Collins, 2001). A study by Whittle et al.
(2015) discussed the role of structural racism that includes residential segregation and other
inequitable systems such as employment, criminal justice, and housing, in food insecurity.

Seasonality and Climate
Household food security varies by the season. As discussed earlier, there is a correlation
with trade-offs or choosing food instead of paying other necessary expenses. In the winter and
summer, energy costs rise due to heating and cooling needs. According to Bhattacharya,
DeLeire, Haider, and Currie (2003), households with children consume fewer calories or
purchase less food during the winter months. “Among poor families, … a monthly temperature
that was 10°F colder than normal would result in a reduction in expenditures on food in the
home of $11 per month and an increase in fuel expenditures of $37 per month. In poor
households, adults and children alike reduced their caloric intake by 10% during the winter
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months, whereas members of richer families did not reduce their caloric intake during the
winter” (Bhattacharya et al., 2003, p. 1153).
M. Nord and Kantor (2006) found the “heat or eat” phenomenon as strong as the “cool
or eat” phenomenon among the elderly in the winter and summer months. The odds for very
low food insecurity were 27% higher in the summer compared to the winter in high-cooling
states. Among households with school-age children, Mark Nord and Romig (2006) found food
insecurity was higher in the summer months, but the seasonal difference was smaller in states
that offer more USDA’s National Free and School Lunch Programs (FSLP) and the National
Summer Food Service Programs (SFSP).
This discussion on food insecurity variability due to seasonal changes raises climate
change’s impact on food security. In time, with global temperatures rising, environmental
degradation, and rising sea levels, agriculture and food processing will be impacted. This will
lead to fewer crop yield distribution and disruption to livestock breeding, thus increasing food
costs. The combination of increasing food costs and increasing energy costs to heat and cool,
food insecurity, and its health effects, will be problematic in developed, and developing,
countries (I. R. Lake et al., 2012).
During the City Beautiful movement, early planner Charles Robinson felt public markets
did not belong to city centers and residential districts as they do not align with the aesthetics
and contribute to the lack of cleanliness and congestion (Donofrio, 2007). Since this led to
increased food distribution inefficiencies causing markups of up to 70%, planners revisited the
Howard’s Garden City movement and Mumford’s description of regional planning to address the
dependency of imported food and imbalance of agricultural land output and consumption
demands by envisioning local, sustainable food systems in regional planning (Donofrio, 2007).
However, as capitalism prevails, consumers preferred the diversified, year-round one-stop retail,
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with farmers profiting more from interregional and international specialization for food
distribution (Donofrio, 2007). Further, as urban planning became more focused on
accommodating the automobile-centric society in the United States, the planning field has
contributed to diet-related diseases (i.e., obesity and Type 2 diabetes) and health inequities
(Frumkin et al., 2004). With the focus on automobiles, fresh food outlets in urban areas are
more likely to disappear as corridor planning receives more planning support instead of more
active modes of transportation (Dixon et al., 2007). Thus, vulnerable populations must travel
further to obtain healthier, affordable foods.
In the Global South, food security, agriculture, and urban planning have been heavily
addressed in these low-income and middle-income nations, especially in countries on the
African continent. Increased urbanization, exponential population growth, and climate change
have contributed to the pressing need to prioritizing food security, agriculture, and urban
planning (Redwood, 2009). Yet, food systems have been largely viewed as a rural issue and thus
omitted in planning in the United States, despite the significance of urban agriculture and its
role in sustainability in the Global South (Morgan, 2009). Food planning affects public health,
economic development, water, land use, transport, and social justice. All these impacts are of
interest in urban planning; however, Pothukuchi and Kaufman have highlighted the lack of food
systems in modern planning (2000).
Meanwhile, as obesity rates rise In the United States, public health researchers have
been searching for the socio-ecological factors contributing to poor diet and physical inactivity.
Food deserts, or the lack of a grocery store in a low-income community (i.e., census tract), not
only contribute to food insecurity and obesity, but geographic areas of food deserts exhibited
increased health disparities among urban low-income and minority households as it relates to
obesity, Type 2 diabetes, and cardiovascular disease (Berkowitz et al., 2018; Christian, 2010;
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Ghosh-Dastidar et al., 2014). Similarly, food swamps, or higher density of energy-dense (i.e.,
high-calorie) food retailers, have been identified as a stronger predictor of adult obesity in the
United States (Cooksey-Stowers, Schwartz, & Brownell, 2017). The health and economic
disparities associated with injustices in food access have contributed to a food justice
movement.
The obesity epidemic has resulted in research interests in food access and availability.
Further, climate change contributes to reduced agricultural lands, and with increased
urbanization and dependency on the industrialization of lands, food availability and food
security have begun to re-emerge in urban planning in the early 21st century. Aiming to increase
food availability, namely healthy food, planners and public health practitioners have turned to
urban agriculture interventions, such as community gardens and farmers’ markets. However,
urban agriculture interventions have their limits and potential in food justice and may
exacerbate food insecurity (Horst, McClintock, & Hoey, 2017). Food policy councils have
emerged in municipalities to address the local food access concerns through cross-sectoral
collaboration and coordination of local policy changes and development, including planning
strategies and urban agriculture interventions (Schiff, 2008; Wekerle, 2004).
Health was the instrumental influence in early modern planning. However, health
became disconnected in the planning profession, which was more influenced by transportation
and economic growth. In the late 20th and early 21st centuries, efforts were made to reconnect
the two disciplines to address chronic diseases. Yet, food access and availability, as risk factors
to chronic disease, have been lacking in the planning field, with limited efforts focusing on urban
agriculture (Pothukuchi & Kaufman, 2000). Food has not been seen as an urban issue, unlike
transportation, housing, and crime. The “Healthy Communities” movement aimed to address
obesity and chronic disease but has largely focused on active living through physical activity.
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Instead, healthy food access focused on institutional changes in procurement policies—healthy
vending machines in schools and hospitals, increased water availability in parks and schools, and
healthy food options in school meals.

Community Development and Residential Segregation
The beginning of modern planning aimed to separate land uses to address health issues
and improve aesthetics. Doing so and through the course of planning has contributed to a
geographic divide of classes. Addressing housing concerns in the United States involved policies
that enabled structural racism and resulted in residential segregation. Further, the spatial
mismatch hypothesis proposed by Kain (1968) may factor in the geographic differences between
low-skilled black neighborhoods and low-skilled jobs. The spatial mismatch hypothesis has been
explored to see relationships in economic development policies and places. This underlying
framework will be used to examine the geographic relationships between food retailer access
and food insecurity.

A Focus on Beautification
Planning, during the early 20th century, started with focusing on advancements of
transportation systems and meeting the demand to improve housing quality. To improve transit
connections and to develop areas for housing, such as what was done in the periphery of
London during the Garden City movement, the working class faced increasing rents and rising
transit fares, causing them to relocate back to slums. Undeveloped lands were purchase at low
prices and increased in value once transit was incorporated into the infrastructure. The rapid
progress of transportation with housing demands created new challenges—crowdedness at
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stations and rails. This contributed to residents experiencing isolation and “deafening” quietness
in the suburbs (P. Hall, 2014a).
As New York City approached zoning, disparate practices developed, which were
increasingly seen during the City Beautiful Movement. Zoning allowed business owners to
reduce the “undesirables” (i.e., factory workers) from being present in the commercial areas,
which targeted the upper class. While seen as an approach to preserve the character of
buildings, it resulted in a “back door” approach to prevent the lower class from being in the
commercial district (P. Hall, 2014a).
The City Beautiful Movement appeared to attribute to gentrification and residential
segregation. Beautification had a couple of purposes. In Chicago, beautifying the city would
attract the masses, thus improving the local economy. However, the British seemed to have an
intentional discriminatory practice. The Imperialist approach to beautification focused on the
white colonials in British colonies and territories. Architects were tasked to beautify the cities,
but in doing so, focused on their own race, discounting the races/ethnicities that dominate the
local scenes in British India and South and East Africa. White British colonials had garden cities,
and the plans allowed for segregated practices for the Indians and Africans (Hall, 2014).

Post-War Development
Following World Wars I and II, residential segregation emerged as industries moved
away from the city where there was cheaper land and lower taxes, creating all-white suburbs.
Racial segregation practices were common among local governments. Zoning ordinances divided
streets by race, and housing covenants were racially restrictive (Seitles, 1998). Governmentsponsored housing policies created the black urban ghetto, which resulted in a lack of capital in
inner cities, minority neighborhoods, and lack of affordable housing for minority families in the
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suburbs (Seitles, 1998). The Federal Housing Administration (FHA) adopted the discriminatory
practice of “red-lining” to assess loan borrowers' risk in specific neighborhoods. The red-lined
areas were often in or near working-class black neighborhoods. Therefore, mortgage lending in
these areas was undesirable, making it more difficult for non-white residents to obtain FHA
loans. As a result, poverty became more concentrated and residential segregation more
prominent (Seitles, 1998). Despite improved incomes over the last couple of decades, AfricanAmericans continue to experience neighborhood poverty and less integration than other
minority groups, which was more acute in large metropolitan areas (Intrator, Tannen, & Massey,
2016).

Residential Segregation and Spatial Mismatch
American history has had strained racial relations and contributed to creating residential
racial segregation. In the early 1930s, the Federal Housing Administration adopted policies to
categorize neighborhoods associated with a level of risk with loans for real estate investments
(Seitles, 1998). The top two categories included affluent and desirable neighborhoods. However,
the bottom two categories were rated as declining and redlined for being the riskiest for lending
(Seitles, 1998). These neighborhoods were older urban areas, mostly populated by black
residents (Massey, 1990). The “redlining” has set the precedent of reinforcing racial
discrimination. As these policies reinforced discrimination, they also concentrated poverty in
inner-city neighborhoods (Massey & Eggers, 1990).
As the Civil Rights movement progressed in the late 1960s and early 1970s, there was an
economic and demographic force, prompted by increased suburbanization and the decline of
manufacturing jobs, that greatly reduced the number of unskilled jobs for minorities in innercity neighborhoods (Wilson, 2012). This had led to isolated, impoverished, minority
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neighborhoods (African Americans and Hispanics) with very limited resources or institutions
(Wilson, 2012). While the Civil Rights movement ended racial segregation in schools and there
were increasingly mixed races in the workplace, segregation between white and blacks were
prominent in large urban areas in the northeast and north-central states (Massey & Denton,
1987). In addition, Hispanics were not as segregated as blacks but were increasing in some
urban areas where there was increased migration, but their segregation was more associated
with socioeconomic status and suburbanization (Massey & Denton, 1987). However, the spatial
isolation of Asians increased slightly as enclaves were starting to form around 1980 (Massey &
Denton, 1987).
Residential segregation contributed to neighborhood-level socioeconomic inequality
that resulted in poor social outcomes (Massey, 2001). One of the most detrimental
consequences of living in a spatially concentrated and impoverished neighborhood is education
attainment. Dropout rates of African American teenage boys increase with increased rates of
low-status workers in neighborhoods (Massey, 2001). In addition, an African American male
moving from a poor neighborhood to a more predominantly white neighborhood increases his
education attainment by a year (Massey, 2001). Further, male earnings in a poor African
American neighborhood are lowered between 18% and 27%, and the odds of success in the
labor market decreases (Massey, 2001).
Consequences to residential segregation were not limited to poor educational
attainment and employment opportunities; the built environment of poor, segregated
neighborhoods contribute to poor health behaviors and outcomes. Ambient air pollution is
highest in urban neighborhoods with high segregation (Woo et al., 2019). Criminal behavior is
disproportionately higher in urban, racially segregated neighborhoods than predominately white
neighborhoods, including firearm homicides (Knopov et al., 2019; Krivo, Peterson, & Kuhl, 2009).
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Segregated African American neighborhoods and census tracts have a high density of alcohol
outlets (J. Scott et al., 2020). Also, poor, racially segregated neighborhoods were less likely to
access quality food (Bower, Thorpe, Rohde, & Gaskin, 2014). However, corporate- and franchiseowned small and non-traditional stores are more likely not to have fresh produce, charge higher
prices and promote unhealthy products (Winkler et al., 2019).
Residential segregation is the fundamental cause of racial health disparities (David R
Williams & Chiquita Collins, 2001). Segregated African American neighborhoods face
disproportionately poor health outcomes compared to their white counterparts. African
American residents in segregated neighborhoods face less access to quality healthcare facilities
and are more likely to rate their health as poor (Landrine & Corral, 2009; Yang, Zhao, & Song,
2017). Adverse birth outcomes, such as pre-term birth and low-birthweight, are more prevalent
in African American segregated neighborhoods (Mehra, Boyd, & Ickovics, 2017; Nyarko &
Wehby, 2012). Racial segregation is also associated with food environment, poor diet, and poor
Body Mass Index (BMI) (Goodman, Lyons, Dean, Arroyo, & Hipp, 2018; Yi, Ruff, Jung, & Waddell,
2014). African Americans and Hispanics were more likely to be obese if they lived in
racially/ethnically isolated and concentrated neighborhoods, but this was not the case for
Whites and Asians (Yu, Woo, Hawkins, & Iman, 2018). However, there has been much focus on
African American segregation and health; segregated Hispanic neighborhoods have detrimental
effects on health (Do, Frank, Zheng, & Iceland, 2017). Racial segregation also contributes to
racial cancer disparities (Landrine et al., 2017).
In 1968, Kain (1968) expanded the understanding of the implications of African
American segregation with distribution and level of employment. As mentioned earlier, the
African Americans living in racially segregated neighborhoods tend to have lower educational
attainment and be low-skilled workers. Kain (1968) analyzed large metropolitan areas of the
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United States and found the postwar suburbanization of metropolitan employment, thus
contributing to the high levels of unemployment for African Americans living in urban
segregated residential neighborhoods. In other words, there is a spatial mismatch between the
low-skilled workers and where low-skilled employment opportunities are located. In the over 30
years of reviewing the spatial mismatch hypothesis, racially segregated low-income urban
neighborhoods are disadvantaged with low rates of homeownership, poor education quality,
and limited employment opportunities, contributing to high levels of unemployment and
generational cycles of poverty (Kain, 1992).
Spatial Mismatch hypothesis suggests the racial (namely African Americans, or Blacks)
disconnect results in the lack of low-skilled jobs in the inner-city black ghettos since that labor
market is located in the more white, affluent suburbs (Gobillon, Selod, & Zenou, 2007; Kain,
1965, 1968, 2004). Through the spatial mismatch hypothesis, the disparity in labor markets
contributes to geographic isolation to employment opportunities for low-skilled jobs, thus
exacerbating unemployment and low wages among inner-city Blacks (Gobillon et al., 2007). In
the US, spatial mismatch has short-term and long-term economic consequences in which
mobility policies and strategies should promote economic opportunities in low-resource
communities (H. Li, Campbell, & Fernandez, 2013). J. Spencer (2000) questioned the strength of
the correlation between residential segregation and employment opportunities and examined
other approaches that contribute to spatial mismatch, including gender bias, skills, and
transportation.
Residential segregation and spatial mismatch research have largely focused on the Black
race and employment opportunities. Residential segregation contributes to health disparities,
including disproportionately higher rates of obesity among Blacks and Hispanics; adverse birth
outcomes among Blacks; late diagnosis of breast and lung cancers among Blacks; higher
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diabetes mortality among Blacks; less expenditure of fruits and vegetables; and less food store
availability (Bower et al., 2015; Corral et al., 2015; Landrine et al., 2017; Ryabov, 2016; Yu et al.,
2018). Given the social implications of residential segregation, research on spatial mismatch
hypothesis in community development can benefit by examining the social determinants of
health, including food affordability and availability. There is one study addressing spatial
mismatch and food access. Meenar and Hoover (2016) examined the relationship of the urban
agriculture program in Philadelphia and found low-income and majority Black/African American
residents were less likely to access urban agriculture programs such as community gardens.
However, Eisenhauer (2001) suggested poor health among low-income, minority populations
may be attributed to what she called “supermarket redlining,” in which supermarkets locate
themselves away from minority, low-income neighborhoods due to land energy costs, perceived
theft, and lack of profitability.
The spatial mismatch hypothesis contributes to the people and places dichotomy in
policy and planning decisions. James H Spencer (2004) suggested the policy approaches to
addressing spatially concentrated poverty have been largely binary—people-based or placedbased. In his study on implementing the Earned Income Tax Credit (EITC), a people-based antipoverty policy, and the Enterprise Zone, a placed-based program, the EITC contributed a greater
investment to poor neighborhoods despite the EITC being an individual entitlement (James H
Spencer, 2005, 2007). Instead, an integrated, heuristic policy framework may ultimately
accomplish the collective objective in an anti-poverty policy of improving economic
opportunities for poor people (James H Spencer, 2004).
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Emerging Technology and Data Science in Planning Decision-Making
Using data seems obvious to make informed decisions. Before delving into the data of
planning research and statistical analysis, let us explore data definition. Data are symbols “that
represent the properties of objects and events” and are processed to make them useful (Ackoff,
1989). After the data are processed and become useful, we have information. Data need to be
processed to be analyzed for decision-making. From a historical context, data were not made
but found. In early navigation before the 18th century, stars provided data, that when processed,
determined ship location, direction, and informed navigation (Stigler, 1986). Early scientists of
astronomy focused on the patterns of stars and the moon’s surface to infer observations, which
determined that external assessments produce systematic errors and biases. Studies in
astronomy had laws of gravity and understood causes. However, social sciences did not have
these or a discipline to study observations. Instead, social sciences
turned to variables that are paired to provide inferences. Later, Galton, Edgeworth, Pearson,
and Yule created statistics as a discipline to compute inferences for social sciences (Stigler,
1986).
Since planning is a social science, quantitative data can be characterized as either made
data or found data (Connelly, Playford, Gayle, & Dibben, 2016). Made data would be data
intended for research purposes—experimental and observational, including social surveys.
Found data would be those not intended for research and may include administrative and other
forms of big data (Connelly et al., 2016). The use of big data in planning decision-making has
been limited. Big data has been a term with many definitions.
Rob Kitchin (2013) characterized big data as having the following:
-

Volume (high quantity of data, usually in terabytes or petabytes)

-

Velocity (data created near or in real-time)
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-

Variety (diverse data that are structured or unstructured)

-

Veracity (unreliability) (Gandomi & Haider, 2015)

From a historical perspective, Lewis Mumford addressed the role of technology and the city
being that of a machine such that the machine allows for automation to increase profit, but not
necessarily for social welfare (Mumford, 1934). With a focus on scale, a city, a combination of
people, land, and industry are seen as a single unit or an ecological system. Geoffrey West from
the Santa Fe Institute addressed the scalar approach to cities and urbanization as collective
intelligence, or machine learning is the community (2017). A city, with its high density of
interactions and transactions, produces a data warehouse that, with current technology, allows
for urban and planning studies through big data.

Internet of Things and Smart Cities
Smart Cities focus on the use of available technology for intelligence exchanges that
connect infrastructures (transportation, environment, economics, etc.) and people, which can
be used for real-time analysis for decision-making and optimizing resources (Albino, Berardi, &
Dangelico, 2015; R. Kitchin, 2014b). Mobile applications and social media transactions are
examples of data types that produce big data. Administrative data, such as public health and
economic data, allow identifying spatial and temporal linkages in changes in health and social
exclusions (Thakuriah, Tilahun, & Zellner, 2017). Private transaction data can inform planners of
purchasing behaviors and demand for goods and services (Thakuriah et al., 2017). Technology
has allowed producing big data. The resulting application of Smart Cities uses big data analysis
for planning decisions and research. This allows for the opportunity to conduct natural
experiments to understand better how urban systems function.
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With the amount and velocity, and often tagged by space and time, research using big
data analysis can apply the principles seen in natural experiments. Natural experiments allow for
timely, evidence-based support to planning and policy decisions. In natural experiments, there
are issues concerning the use of big data in research, such as bias, ecological fallacy, and
uncertainty, to name a few. Natural experiments using big data analysis are subject to bias,
which can impact internal and external validity. Bias may be due to errors in data collection or
calibration type (R. Kitchin, 2014a). Bias may be due to confounding results in an observation
distortion due to another variable, thus impacting internal validity (Leatherdale, 2019).
Aggregating data can produce ecological fallacy, whereas group data's causal inferences
may not be the same for individual-level data (R. Kitchin, 2014b). Yet, there is an argument of
whether the volume available in big data is enough to make modeling unnecessary, that the
data “can speak for themselves” and “correlation is enough” (C. Anderson, 2008; Rob Kitchin,
2013). Then there is the ethical issue in using big data. In natural experiments, there is an
expectation not to do harm. The use of big data may jeopardize the value such data bring.
Richards and King (2014) argued for four normative values to govern data flow and inform legal
and ethical norms—privacy, confidentiality, transparency, and identity.
C. Anderson (2008) heavily cited article “End of Theory” challenges the notion that with
big data, the scientific method is obsolete and “correlation supersedes causation.” While this
notion is intriguing, big data seem to have limited uncertainty or perhaps perfect certainty given
Anderson’s perspective. However, the veracity component from the definition of big data seems
to dismiss the logic that big data analysis is without some uncertainty.
Much of the big data studies in planning have been outside the United States. City
Dashboards, such as in London, offer real-time information on various aspects of urban life—
weather, air pollution, transit delays, etc. (R. Kitchin, 2014b). The study of London transit
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demand uses smart card data of transactions of transit use. About 85% of London transit users
have a smart card, and transactions yield about 180 million journeys each month and over a
billion annually (Batty, 2013). Countries in Europe have been exploring big data analytics to
mitigate carbon emissions (Giest, 2017). In China, there have been numerous studies applying
big data, including transportation planning and monitoring urban sprawl through cellular
network data (Dong et al., 2015; J. Zhou & Zhang, 2016).

Secondary Data in Big Data Analysis
Secondary data, such as national surveys and administrative data and big data, have
become increasingly available for researchers. Focusing on secondary data, such as
administrative data and big data, is not without challenges. Often secondary data collection for
research uses samples of populations to infer patterns. For example, while efforts are made to
maximize representation, such as through stratification, national data sets are used to identify
representative data based on samples of the population, yet under-representation still exists
(Frederick, Barnard-Brak, & Sulak, 2012). Using multiple sources of secondary data for a
research design risks growing uncertainty due to increased variability. Administrative data,
typically from public-sector agencies, often include large data sets. With these large data sets,
the standard error can be small but is subject to measurement error, matching errors, and
processing errors (Connelly et al., 2016; Groen, 2012).
With the challenges of using big data or found data (i.e., secondary data), there are
strategies to address uncertainty. Qualitative research can enhance secondary data by
increasing understanding and offering explanations of uncertain and unexpected findings (N.
Black, 1994). With large data sets, reducing the p-value significance threshold may be a strategy
to address this issue (Connelly et al., 2016). In using multiple secondary data sources for a study,
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there are several methods to quantify uncertainty. Record linkage and imputation-based
methods are feasible for sources containing individual-based data (National Academies of
Sciences et al., 2017). Small-area estimation allows for the modeling aggregated probability
surveys with statistics from administrative data (National Academies of Sciences et al., 2017).

Spatial Data Analysis
In the last decade, advances in technology have provided an abundance of input in the
decision-making process for planners. Urban areas are constantly changing and given the social,
cultural, and economic contexts, planning for infrastructure changes is complex. “Spatial
strategies focus attention on the ‘where’ of activities and values, on the qualities and meanings
of places, on the flows that connect one place to another and on the spatial dimensions of the
way activities are organized”(Healey, 2007, p. 201). Therefore, space represents cultural
symbols, daily experiences, and policy conceptions. Urban areas are spaces that transect webs
of relations, created “nodes” for activity and place of social and physical qualities. This approach
sees the urban region without boundaries but rather interweaving and overlapping webs of
nodes and networks.
Cross-sectoral integration in spatial planning has been an emerging practice. It allows
different public policy domains to join resources and address an inter-related issue within a
given area (Kidd, 2007). Given the social determinants of health, integrating health and planning
in spatial analysis can strengthen the goals for each discipline and garner political support.
Exploratory spatial data analysis that combines health status and outcome with variables in
infrastructures or of the built environment allows planners and public health practitioners to
identify and prioritize areas and resources. Mapping alternative options give experts and people
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with limited to no knowledge of technology information that can guide decisions for land-use
changes.
With current geographic information systems (GIS) capabilities, spatial planning allows
for multicriteria and multi-objective approaches to inform policy and planning decisions and
identify emerging issues. In public health, the integration of GIS methodology has been used to
analyze spatial clustering of health events, environmental hazards, risk and spread of infectious
disease, ecology of vector-borne disease, and locate services and resources (Cromley &
McLafferty, 2012).
Spatial data analysis includes descriptive and inferential analysis applying geographic
data and non-spatial data or attributes. Google Street View, light detection and ranging (LiDAR)
remote sensing data, satellite imaging, and Global Positioning System (GPS) provide spatial data
for a geographic area. Census, health, and environmental data offer a descriptive context for a
geographic area. However, with advanced technology, we are in an age of Big Data.
Big data differs from integrating multiple or mixed data sources or secondary analyses
of existing data. Mixing data sources can enhance validity through triangulation. However, both
can inform planning decisions. Administrative data, such as public health and economic data,
allow identifying spatial and temporal linkages in changes in health and social exclusions
(Thakuriah et al., 2017). Private transaction data can inform planners of purchasing behaviors
and demand for goods and services (Thakuriah et al., 2017). When integrating these data,
analyses can be visualized to demonstrate patterns and trends, as well as models for
predictions.
Advances in technology have provided an abundance of input in the decision-making
process for planners and the emergence of big data analysis. Urbanization and globalization
contribute to dynamic shifts in social, cultural, and economic contexts, resulting in complex
63

planning for these changes. Technology and emerging big data analytics provide an opportunity
to contribute to the decision-making process for planning and policy.

Machine Learning in Urban Planning Research
Machine Learning (ML) is a discipline in computer science that improves automation
through learning from experience (El Naqa & Murphy, 2015; Jordan & Mitchell, 2015; L. Zhou,
Pan, Wang, & Vasilakos, 2017). In addition, computation and analysis are learned without a fixed
algorithm or direct programming (Bi, Goodman, Kaminsky, & Lessler, 2019). ML is the
intersection of computer science, statistics, and other disciplines “with automatic improvement
over time, and inference and decision-making under uncertainty” (Jordan & Mitchell, 2015, p.
256). ML has three learning paradigms, supervised learning, unsupervised learning, and
reinforcement learning (Jordan & Mitchell, 2015). Supervised learning refers to dividing the data
into two groups, a training set, and a test set. The training group is used to build the model
while the test group judges that model’s performance (Hindman, 2015). In unsupervised
learning, only the input data are summarized in an algorithm applying assumptions around the
properties of the data (Jordan & Mitchell, 2015; Molina & Garip, 2019). Lastly, reinforcement
learning applies a trial and error approach to learning where it is rewarded for correct
extrapolation and continues to explore for better selections (Sutton & Barto, 2018). In addition,
data mining, or the extraction of data from large or raw datasets, may include ML techniques,
statistics, and databases (Chen, Drouhard, Kocielnik, Suh, & Aragon, 2018; Z.-H. Zhou, 2003).
Given the growing interest in applying big data and improving causal inferences, ML has
a role in enhancing social sciences research in better understanding human behaviors and social
environments. ML has many applications in social sciences, with most ML techniques in
quantitative methods. In social sciences, ML, such as penalized regression, nearest neighbor
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support, vector machine, and classification and regression trees, allows examining the predictive
relationship between inputs and outputs with a given sample (Molina & Garip, 2019).
Supervised learning techniques take the data to determine prediction and control for overfitting
(Hindman, 2015).
Urban Planning research has many opportunities to utilize ML techniques, especially
with geographic information technology and big data. Gómez, Patiño, Duque, and Passos (2020)
applied spatiotemporal learning to predict urban growth in cities in Colombia. Hipp, Kane, and
Kim (2017) used an estimation technique, kernel regularized least squares, to better understand
factors in racial and socioeconomic mixing of neighborhoods. In Manhattan, NY, Matijosaitiene,
McDowald, and Juneja (2019) identified urban factors of spatial and temporal theft patterns to
build prediction models for safe parking spaces (Matijosaitiene et al., 2019).
With emerging technology and the Internet of Things, social sciences have seen the
applications of Big Data and Machine Learning to advance research methodology and analysis.
In planning research, there are great advantages in using machine learning, yet the discipline
has not fully utilized its potential. Applying innovative data science techniques requires a more
advanced skill set and understanding of statistical sciences, which may be a barrier to many
planning students and curricula. There is growing interest in and encouragement for
interdisciplinary research. Machine Learning and the use of Big Data are common in other
disciples such as economics, mathematics, engineering, and computer sciences. As a result,
collaboration with these disciplines offers an opportunity to advance planning research.
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Gaps in Literature
There has been much effort in studying food deserts and the food environment, but
based on this literature, addressing the food environment is not enough to improve food
security. Food security factors the social and economic resources and impacts dietary intake
patterns, thus contributing to health outcomes. Public policies aim to address food insecurity
through financial nutritional assistance programs. However, food access and food insecurity are
limited in planning research (Pothukuchi & Kaufman, 2000).
Traditional public health approaches are not enough to address the environmental and
policy factors recognized and need to improve food security. While the interdisciplinary
approach to further understand the health implications of food insecurity is recognized and
appreciated, its application in research has not demonstrated its potential. Much of the
interdisciplinary research between public health and urban planning has focused on housing,
transportation, and air/water quality. As a result, policies adopted have both planning and
public health implications. For example, housing codes are in place to ensure the safety and
wellbeing of tenants and residents, including indoor air quality standards that prevent
respiratory disease. Smart growth principles and Complete Streets policies emphasize active
transportation infrastructure in long-term transportation plans. Such transportation policies
address health benefits such as active living and improving air quality. With federal
transportation funding now requiring performance measures from state and local
transportation agencies receiving federal funds, the need for interdisciplinary approaches
integrating human health impact on transportation offers a comprehensive approach in an
institutionalized structure of United States transportation planning (P. A. Singleton & Clifton,
2017).
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Despite the growing interest in interdisciplinary research, the integration of public
health and urban planning towards food systems planning has been absent. The health
implications of food insecurity, such as diabetes and obesity, have been a nationwide public
health issue. Recognizing that diet-related health promotion and education interventions are
not sustainable and do not yield community-wide impact, public investments in chronic disease
prevention and management, including diabetes and obesity, have been toward policy, systems,
and environmental (PSE) changes to promote and support healthy behaviors (Bunnell et al.,
2012; Health, Practice, & Medicine, 2011). However, it is not the public health discipline that has
the capacity for PSE changes; rather, disciplines in the role of changing the context of where
people engage in health risk behaviors have the capacity. It is the disciplines involved with
agriculture, the built environment, and public policies that influence community-wide impact on
dietary behaviors. Pothukuchi and Kaufman (1999) emphasized the role urban planning has in
improving food access through food systems planning. However, engaging the urban planning
discipline to address food security has not seen the interdisciplinary research progress, unlike
what has been done with active living in addressing chronic disease prevention.
The perceived boundaries within disciplines limit the transfer of interdisciplinary
research potential to practice, despite recommendations for interdisciplinary approaches to
address food insecurity. Scholarship in food systems planning in urban planning has been
growing but has not been institutionalized in policy and practice. Food systems encompass
multiple levels—epistemological, socioeconomic, political, community, and organization levels.
Challenges in these levels contribute to the boundaries and competing interests that may
conflict with environmental and public policies (Campbell, 2004). These boundaries and
disciplinary priorities pose challenges to institutionalizing food systems and food security in
planning practice research. Agriculture, or food systems, in planning, have focused on rural
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development issues in regional planning, such as land uses for food production, processing and
distribution, rather being a focus in the urban agenda with the same importance as housing,
transportation, and economic development. Just like transportation policies (i.e., active
transportation and Complete Streets) have coordinated with stakeholders in public health,
environmental sustainability, and economic development for effective interdisciplinary policies,
agriculture, and food systems have the potential to address food needs beyond just food
production and distribution and be a part of effective interdisciplinary policy strategies that
include public health, environmental sustainability, and economic development, as well.
Current efforts addressing food insecurity focus on individual-level or people-focused
interventions. Food pantries offer temporary solutions for food-insecure households, but the
nutritional quality often does not support healthy diets (Simmet et al., 2017). The USDA
Supplemental Nutrition Assistance Program (SNAP) is also an individual-level, people-focused,
temporary solution for food-insecure households where SNAP benefits are redeemed at SNAPauthorized retailers. However, with food retailers’ involvement in SNAP, there is potential for
interdisciplinary research combining urban planning, agriculture, and health by examining the
retail food environment in place-based policy approaches to improve healthy food accessibility,
availability, and affordability.
Residential segregation is a community development concern in urban planning. In
addition, racially segregated neighborhoods are associated with poverty, unhealthy food retail
environment, food insecurity, and obesity. However, there is no known link between SNAP
policy, as a welfare, anti-hunger policy, and health at the neighborhood scale as it relates to the
SNAP-authorized retail environment. There is very limited research looking at the relationship
between the location and types of food retailers authorized by SNAP and where SNAP
household participants are largely located. Spatial mismatch research has largely focused on
68

employment and transport of low-income, minority population groups. With the understanding
of spatial mismatch related to economic development incentives, such as the Earned Income
Tax Credit, the spatial mismatch hypothesis can explore the people-based and placed-based
policy implications in reducing concentrated poverty (James H Spencer, 2004, 2007). In food
systems planning research, there have been efforts to address urban agriculture to increase
healthy food availability, but limited work has been done to explore policy change affordability.
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CHAPTER THREE
Theoretical Framework
Addressing the problem statement given the gaps in the literature, this study will
combine theoretical approaches from two disciplines—public health sciences and urban
planning. The socio-ecological framework was introduced as an approach that combines social
and environmental determinants influencing health risk behavior. The spatial mismatch
hypothesis has been applied in community development research by examining the spatial
relationships of residential segregation and low-skill job opportunities. In healthcare policy, the
“iron triangle” balances cost, access, and quality for equal priorities for optimal attainment.
Combined, these theoretical frameworks are applied toward exploring the spatial and
environmental relationships in food access and food security.

Socio-Ecological Framework
Historically, public health programs have focused on individual-level interventions with
theoretical approaches on individual-based behavioral change, often focusing on intrapersonal
change. However, public health scholars and practitioners have suggested that health risk
behaviors are influenced by the context of where individuals live beyond intrapersonal
characteristics (Bronfenbrenner, 1977; McLeroy, Bibeau, Steckler, & Glanz, 1988). Further,
individual-based interventions have not been effective in impacting the population. In addition,
individual-level interventions, or health promotion programs, are less likely to sustain behavior
change beyond the program (Sallis et al., 2006). As a result, public health researchers have
examined ecological approaches that factors the “levels” of contextual influences of behavior,
identified as intrapersonal, interpersonal, organizational, community, and policy levels of the
socio-ecological model (Figure 3.1) (McLeroy et al., 1988). Additionally, these levels are
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Figure 3.1 Adapted socio-ecological framework from McLeroy et al, 1988.

interrelated such that they influence each other (Golden & Earp, 2012). These levels are
modified slightly in research and program interventions but maintain the incremental larger
system. For example, the Institute of Medicine identifies the levels as determinants of health
behavior (J. Fielding, Teutsch, & Breslow, 2010). Despite recognizing the inter-related levels of
influence on health behaviors as depicted in the socio-ecological framework, several studies of
public health interventions continue to focus on the intrapersonal change (Kok, Gottlieb,
Commers, & Smerecnik, 2008; Richard, Gauvin, & Raine, 2011).
Ecological approaches examine an individual’s behavior in the environment, including
sociocultural and physical surroundings (Sallis et al., 2006). In explaining and understanding
behavior, the socio-ecological framework suggests that there are multiple levels of influence.
However, in literature, it has not been explained as a theory, per se, but rather a framework to
guide thought in understanding behavior and designing interventions for behavior change.
Further, the socio-ecological framework suggests the need to include other disciplines in
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effectively changing behavior as these levels go beyond public health practice. The ecological
approach explores the individual's interaction in their environments, such that environments
may influence behaviors for individuals and population groups/communities (Stokols, 1996). For
example, while health promotion programs may educate individuals on walking as a form of
exercise, the ecological approach examines the environmental context to support walking (i.e.,
sidewalks). Individuals may be educated to walk as a form of exercise, but if the environment
does not support the behavior, then individuals are not likely to walk in their environment.
Through the socio-ecological framework, changing the physical built environment to support
healthy behaviors, such as walking, requires engagement with urban planners, architects, and
transportation engineers (R Jackson & Kochitzky, 2001)
Ding et al. (2012) offered a comprehensive look at variables that may contribute to and
influence physical activity (Figure 3.2). This study suggested that variables include zoning codes
and land use policies at the policy level and stair design in workplaces and recreational facilities
in community/organizational levels influence active living behaviors (Sallis et al., 2006).
Due to the multi-level approach in understanding the influences of behaviors from
varying contexts and domains of studies, studies include assumptions as conclusions focus on a
“slice of the universe,” thus cannot be universally generalizable. In socio-ecological research, the
model provides a framework for understanding the various influences of behaviors from
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Figure 3.2 Comprehensive view of the ecological model of the four domains of active living (Ding et al., 2012)

multiple levels. Typically, researchers identify variables to explore from these levels, but it is not
feasible to identify all variables from all levels of influence. Therefore, socio-ecological research
includes assumptions to draw conclusions from the interrelationships of behavior and
environmental variables. Conclusions from socio-ecological studies expand and enhance the
interconnection of behavior influences in various ecological contexts. These conclusions are
aimed to not only guide health promotion program design, environmental changes, and policy
decisions to support healthy behaviors, but inform non-traditional public health practitioners
such as urban planners in their role of influencing healthy behaviors.
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Spatial Mismatch Hypothesis
The spatial mismatch hypothesis was used to explain the discrimination between lowincome black neighborhoods and low-skilled employment opportunities. This “mismatch” is said
to have contributed to black unemployment (Kain, 1992). Due to economic and dispersion
forces (i.e., crime, rising land prices, and congestion), low-skill jobs have moved to the periphery
of cities or the suburbs. Firms hiring entry-level or low-skill jobs (especially in manufacturing)
need land and avoid city centers where land is scarce and more expensive. About 76% of Black
high school dropouts (low-skilled) live in center cities, yet the suburbs have filled nearly 80 % of
low-skilled jobs (Gobillon et al., 2007). With racial income disparities and real estate
discriminatory practices, Blacks are more likely to live in the inner city while Whites live in the
suburbs. Further, there are racial differences in commuting patterns, such that Blacks have a
longer commute to work, thus implying slower modes of transport (Gobillon et al., 2007). Given
these disparities, spatial mismatch research has led to federal policies to provide transit in city
centers and ghettos to employment areas for low-income, minority neighborhoods (Kain, 1992).
In understanding the spatial mismatch hypothesis, there are several approaches to
consider while studying spatial mismatch. Commuting costs are relatively high given the wages
of low-skilled workers. Searching for low-skilled jobs is insufficient when they are located far
away, which results in potential workers not searching intensely for a job given the high costs
for transportation when making multiple stops to search for jobs. Further, spatial mismatch may
include employers discriminating based on an applicant’s residential location, and similarly,
employers may want to appease their customer preferences and discriminate against minority
job seekers. Further, employers may attribute longer distances to work with low productivity
(Gobillon et al., 2007).
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The spatial mismatch hypothesis has been used to study spatial relationships further,
but the works have been met with criticism. The critiques of the spatial mismatch hypothesis
suggest that the concept of spatial mismatch has not been applied, but rather compared white
and non-white income and employment from the city center to suburban areas, thus assuming
that blacks can live anywhere in the suburbs (Kain, 1992). The use of residential segregation
indexes has been inappropriately used to measure spatial mismatch as they “provide no
information about the relationship between black residential areas and the spatial distribution
of jobs within metropolitan areas” (Kain, 1992, p. 387).
Given the efforts to study spatial mismatch, D. S. Houston (2005) identified methods to
test the spatial mismatch hypothesis. The approach taken assumes, “the emphasis on racial
segregation as the primary cause of spatial mismatch presupposes that in the absence of racial
discrimination in the housing market, ethnic minority groups would migrate to be closer to
suitable job openings. This presupposition reflects the unrealistic assumptions (when applied to
migration decisions) of markets finding equilibrium based on perspectives from neoclassical
economics” (D. S. Houston, 2005, p. 410). The segregated housing system contributes to
interregional variations in demand for labor and unemployment.
According to D. S. Houston (2005), there are five methods to study spatial mismatch.
One approach is to analyze the labor market impact on residential segregation. While analyzing
the impact on residential segregation can provide a comprehensive view of a metropolitan area
and focus on spatial mismatch, residential segregation does not indicate immobility and does
not closely correspond to spatial mismatch. Another method is comparing commuting times.
While this is an important component of spatial mismatch, it does not consider income and
housing costs.
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Similarly, comparing earnings has been applied to examine spatial mismatch. This can be
an indicator of balance between labor demand and supply, but like comparing commuting
times, it does not consider income and housing costs. However, measuring job proximity can
directly measure the extent of mismatch, but jobs, rather than job vacancies, have been used to
calculate accessibility. Lastly, spatial experiments have been used to measure spatial mismatch
following an intervention, such as transportation improvements, forced housing relocations, and
firm relocations.
In the planning literature, the spatial mismatch hypothesis has been explored beyond
the spatial difference between low-skill employment opportunities and low-skill workers'
residence. D. S. Houston (2005) identified the methods to study spatial mismatch. Figure 3.3
demonstrates the approaches researchers have addressed in studying spatial mismatch. Kain
(1965, 1968) focused on racial discrimination in the housing market, exacerbating the mismatch
in job opportunities as jobs become decentralized along with limited transportation options for
African Americans in urban neighborhoods. Planning literature on spatial mismatch introduced
emerging concepts such as “modal mismatch,” in which automobile-centric land-use patterns
make employment opportunities inaccessible for those without a vehicle (Blumenberg &
Manville, 2004; Blumenberg & Pierce, 2012; Ong & Miller, 2005). In addition, “skill mismatch”
addressed the spatial difference of low-skilled job opportunities with low education of residents
whose skillset would be the labor force of low-skilled employment (D. Houston, 2005). Housing
affordability related to spatial mismatch has been explored with the research focusing on
residential segregation and the socioeconomic characteristics of racially segregated
neighborhoods (Massey, 1990, 2001).
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Figure 3.3 Spatial Mismatch Hypothesis Framework, adapted from the Council for Community and Economic Research
(2019)

There has been plenty of empirical evidence to suggest and support the spatial
mismatch hypothesis. From this research, policy recommendations have focused on improving
access and affordability related to housing, public transit, and economic development to
improve employment opportunities. However, the spatial distance disparity also factors in the
cost and time involved in seeking employment. Increasing public transit has both cost and time
factors, and for those living in racially segregated neighborhoods, job searches may require
travel, and with limited income or vehicle access, such job searches can be cost-prohibitive.
People-focused related policies such as housing vouchers and Earned Income Tax Credit (EITC)
increase purchasing power for low-income residents, but with inconsistent results. Fan (2012)
has encouraged planners to consider programs that support car ownership to fill the gaps
associated with spatial mismatch. Yet, these people-based policies do not factor in the nonspatial contributors to employment barriers.
Discrimination, social support, and human capital factors contribute to residents'
employment challenges living in spatially segregated or isolated neighborhoods. Poverty and
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race may be more influential in challenges to employment than the spatial disparity to
employment opportunities. Employers discriminate against job applicants based on their
address, specifically applicants living in public housing or very poor neighborhoods (Pastor &
Adams, 1996). Planners’ and developers’ efforts to bring affordable housing opportunities in
areas with more employment options often face resistance from community groups such as the
Not in my Backyard (NIMBY) and Locally Unwanted Land Uses (LULUs), whose attitudes and
behaviors associate affordable housing with the social and financial blight that will reduce the
quality of neighborhoods, thus making land-use investments to improve spatial mismatch more
challenging (Fan, 2012). In addition, urban revitalization efforts in blighted areas disrupt the
social and human capital benefits of living in spatially or racially segregated areas. Rather, ethnic
enclaves have empirically shown evidence of their capacity to build capital and improve
employment opportunities from within their ethnic enclaves (J. Spencer, 2000).
The spatial mismatch hypothesis has been critically reviewed for decades. Spatial
mismatch literature has explored its relevance in employment, housing, and transportation
research. However, spatial mismatch has not critically or thoroughly examined its role in food
access. The spatial mismatch constructs as described in Figure 3.3 provide a framework in which
to examine affordable, healthy food access among low-income, minority population groups, and
neighborhoods.
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Iron Triangle of Health Policy
In 1994, Dr. William Kissick introduced the “Iron Triangle” of healthcare policy to explain
the balancing priorities of cost-effectiveness, quality, and access for universal healthcare
attainment. The equilateral triangle (Figure 3.4) represents the identical priorities such that any
expansion of one angle would jeopardize one or both of the other angles (Kissick, 1994). For
example, efforts to improve access, such as expanding Medicaid coverage, will be costly.

Figure 3.4 Iron Triangle of Health Policy (Kissick, 1994)

Society makes choices, and tradeoffs are expected. These tradeoffs may represent
resource allocation and compromises. Health policy aims to achieve adequate and appropriate
healthcare at the lowest cost to deliver. Healthcare costs contribute to about 17.7% of the
nation’s gross domestic product (CMS, 2020). Yet, given such expenditures, not everyone has
the same level of quality and access to healthcare, contributing to health disparities and
inequities. In addition, increasing healthcare costs expenditures demand cost-containment
policies, as increasing healthcare budgets would increase the pressure on other public spending,
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such as education and infrastructure (Stadhouders, Kruse, Tanke, Koolman, & Jeurissen, 2019;
Trabandt & Uhlig, 2011).
As described in the socio-ecological model and Frieden’s Health Impact Pyramid, social
and ecological contexts influence health behaviors and health outcomes. It is well documented
that individuals with low socioeconomic status (i.e., poverty, low education attainment) are
disproportionately affected with poorer health status and health outcomes—these social
determinants of health influence one’s ability to access affordable and quality care. Further,
given that about 40% of what contributes to health are social and economic factors, social
welfare policies impact health. Thus, we see the convergence of social and health policy, such
that social policy is health policy (Littlejohns, Smith, & Townend, 2019). In other words,
investments in social welfare policies have an impact on health and health policies. The “Iron
Triangle” of health policy expands to a more systems framework in public policies and public
investments.
Over 80% of what makes us healthy are not healthcare interventions; it is important to
understand that non-health sectors influence health behaviors and health outcomes. Therefore
public spending has an impact on population health (Institute, 2019; McCullough & Leider,
2016). As a result, health needs to be a consideration when developing economic policies, such
that health is recognized as an outcome in policy development in all levels and sectors of
government and the private sector (Rigby & Hatch, 2016). This Health in All Policies (HiAP)
creates a culture of health that aims to institutionalize the understanding of health impact in
public policies from non-health sectors. In other words, public spending of non-health sectors
and economic policies have a health impact.
Housing policy has long had a relationship with public health impacts. During the Obama
Administration, federal departments were encouraged to institute a place-based approach
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prioritizing public spending for each sector that supports equity, sustainability, and livability, as
part of the Affordable Care Act (Orszag, Barnes, Carrion, & Summers, 2009). The United States
Department of Housing and Urban Development (HUD) embraced the strategy but is not
without its challenges. (Bostic, Thornton, Rudd, & Sternthal, 2012). One of the challenges is
understanding that investments in one government sector contribute to cost savings in another
government sector (Bostic et al., 2012). Given the political dynamics and competing interests or
public dollars, this would require an institutional change in thinking. Leadership across all
agencies and levels of government would need to reexamine their goals, priorities, and
processes.
The Iron Triangle has been applied to considering education policy to improve quality
education while being accessible to all students in higher education (Immerwahr, Johnson, &
Gasbarra, 2008). Societal investment in education would ultimately impact access and quality.
This policy for higher education has been deemed necessary for global sustainability and
prosperity, especially for developing countries (Daniel, Kanwar, & Uvalić-Trumbić, 2009).
Investments in higher education, which include partnerships with universities in developing
countries, allow students to develop advanced skills that can be deployed in western countries
(i.e., United States), which then increase prosperity. When such skilled students return to their
own country, then partnerships between countries develop, as does prosperity. Therefore, we
see the impact of educational policy investments providing a return in economic benefits, thus
improving the socioeconomic status for all impacted.

81

Conceptual Framework for Food Security
Food security is complex, and there are many contributing factors influencing household
food security. Figure 3.5 demonstrates a conceptual framework for food security that factors
the household context and food economy (Sassi, 2018). Some of these concepts have been
highlighted in the previous chapter. The dissertation does not address all aspects contributing to
food insecurity. Instead, this dissertation only focuses on aspects related to addressing the gaps
and problem statement while having an impact in urban planning—food access, food price, and
food availability.

Figure 3.5 Conceptual Framework for Food Security by Sassi (2018) with red circles indicating focus
in this study

Given the context to this point, the three factors identified by Sassi’s conceptual
framework of food security are the focus of this dissertation. In the study of this dissertation,
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food access highlights the spatial pattern of the retail food environment to those most
vulnerable to food insecurity, while the Supplemental Nutrition Assistance Program (SNAP)
influences the price of food. Lastly, the SNAP retail environment represents food availability in
terms of subsistence and market. This study examined the availability of SNAP-authorized
retailers while also distinguishing the availability of healthy SNAP-authorized retailers
concerning SNAP participants.
The SNAP is the United States’ largest anti-hunger policy, intending to improve
household food security through financial assistance for food purchases. Investments have
changed during economic crises to increase access for individuals in need, as was the case
during the Great Recession and the COVID-19 pandemic (Mark Nord & Prell, 2011; USDA, 2020).
Not only have these expansions in SNAP benefits increased access, but they also provide a local
economic stimulus by increasing the number of SNAP retailers (Shannon, Shannon, Adams, &
Lee, 2016). However, quality has been in question, which this study will detail, with the
relationship of SNAP participation and chronic disease, specifically obesity and diabetes. With
diet-related conditions, healthy, affordable food access is challenging for SNAP participants. As a
result, healthy food financing initiatives allow SNAP participants to have additional purchasing
power for healthy food (Verghese, Raber, & Sharma, 2019).
The theoretical frameworks combine public health, urban planning, and public policy
disciplines that influence healthy, affordable food access. The socioecological framework
recognizes healthy eating patterns are influenced by the context of where people live, such that
there is an availability of healthy, affordable food. The spatial mismatch hypothesis suggests
that residents living in racially, impoverished segregated neighborhoods are spatially isolated
from employment opportunities and contribute to mobility disparities. The Iron Triangle of
health policy integrated with the Health in All Policies, non-health public investments and
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spending have population health impacts, and such investments in infrastructure and economic
development will have tradeoffs within their respective sectors while improving health
outcomes and cost-savings in healthcare expenditures.
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CHAPTER FOUR
RESEARCH QUESTIONS and METHODOLOGICAL APPROACH
This section details the methodological approach to answering the research questions
and testing the corresponding hypotheses to fill the gaps in the literature on food insecurity,
health, and the urban environment. As a result, this study will focus on the role of the United
States Department of Agriculture (USDA) Supplemental Nutrition Assistance Program (SNAP), an
anti-hunger policy providing financial assistance on food purchases for income-eligible
households. Based on the theoretical approaches, this study examined SNAP as a people-based
policy to improve food security, its relationship with places to redeem SNAP benefits, and its
influence on population health. This transdisciplinary study leverages secondary data from the
USDA and combines the understanding that the public policy addressing food insecurity has
health implications influenced by where people live and where they may shop for food. Since
specific retailers are included in the implementation of the SNAP policy, there has been less
focus on the role of retailers as the target for place-based policies.
While the planning literature has examined social welfare policies such as housing
vouchers and tax credits, the USDA SNAP policy as a social welfare or an anti-hunger policy has
not been examined in planning literature. The planning research has explored the role such
social welfare public policies have on equity, and while housing, transportation, economic
development policies have been key issues of concern in the planning discipline, equitable food
access has not shared the same level of importance. In the public health literature examining
food security, low-income and minority residents tend to travel further for healthy food options,
household food budgets are usually the most sacrificed when other household expenses
increase, and low-income mothers desire healthy food for their families, but affordability and
availability are barriers. Strategies to improve diet and food security extend beyond the
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boundaries of the public health sector and include policy and environmental changes within the
foundation and scope of the planning discipline.
The methodological approaches contribute material to three distinct studies based on
the following themes: SNAP retail relationship to population health; spatial mismatch of SNAP
retail; and regional differences in spatial and healthy relationships with the SNAP retail
environment. In examining these studies, data analyses include a machine learning approach
that is emerging in planning research. By incorporating alternative data science techniques,
planners can improve efficiency and accuracy in their analyses.

Understanding the Supplemental Nutrition Assistance Program
The United States Department of Agriculture (USDA) SNAP policy is the largest American
anti-hunger program to provide financial assistance for eligible households to purchase
nutritionally adequate food. Formerly known as the Food Stamps Program, eligible families
receive an Electronic Benefits Transfer (EBT) card, which operates similar to a debit card, to
redeem their SNAP benefits on SNAP-eligible foods at SNAP-authorized retailers to improve
household food security. SNAP eligibility of households is reviewed monthly by state and local
SNAP administrators. There is no cap on the number of SNAP participants, and, as such, SNAP
has mandatory open-ended spending in the federal appropriations under the Nutrition title of
the Farm Bill (Aussenberg, 2014).
The USDA allocates SNAP funds to states for state and local-level administration for
consumer enrollment and enrollment processing. By doing so, states have some autonomy in
eligibility criteria and waivers, such as employment training and job-seeking requirements.
However, the maximum monthly households SNAP allotment is the same for the 48 contiguous
states and the District of Columbia (Aussenberg, 2014). In addition to consumer enrollment,
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outreach, and associated costs, USDA provides the federal share to states for the Nutrition
Education and Obesity Prevention Grant Program, known as SNAP-Ed. SNAP-Ed offers nutrition
education and culinary/cooking skill training to prepare healthy meals to SNAP participants.
Lastly, states utilize federal SNAP funds for SNAP employment and training.
There has been much research attention on consumer behavior and the impact of SNAP
benefits, but there has been less attention on the retailer side of SNAP redemptions. While the
USDA allocates funds to states to administer consumer eligibility and enrollment, the federal
agency is responsible for retailer eligibility and processing SNAP redemptions. Retailers must
meet technology and stocking criteria and then pass USDA inspection and the authorization
process (Aussenberg, 2014). The USDA provides technical assistance to retailers and performs
audits for accountability. However, unlike the consumer aspect of SNAP, retailers often do not
have local level support (i.e., community partnerships) to meet the criteria for retailer eligibility,
except for the SNAP Farmers’ Market programs (Hasin & Smith, 2018; Wolff, Nelson-Hurwitz, &
Buchthal, 2020). Figure 4.1 shows a brief overview of federal and state roles in SNAP
administration.

Figure 4.1 Federal and state roles in SNAP administration
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The SNAP policy allows income-eligible families to increase their food purchasing power
by redeeming benefits in SNAP-authorized retailers. However, federal policy does not factor in
the spatial relationship between the people in need of affordable food assistance and the places
in which to obtain affordable food. Over 248,000 SNAP-authorized retailers support nearly 38
million individuals participating in SNAP in the United States (L. Hall, 2021). In the fiscal year
2020, nearly $67.9 billion was appropriated for SNAP.
The federal SNAP policy aims to reduce food insecurity by increasing the purchasing
power for income-eligible households. With the food insecurity-obesity paradox, affordable,
healthy food may be limited for those most vulnerable, thus presenting disparities in
accessibility and affordability. The cost to improve food security for eligible households may
come at the expense of health outcomes as energy-dense, processed foods are cheaper than
healthy, fresh foods. While there is literature examining the role of food deserts, or the lack of a
full-service grocery store in low-income neighborhoods, in contributing to poor diet, the
concentration of unhealthy retailers may be more of a predictor of diet-related conditions such
as diabetes and obesity. There is limited research in the geographic relationship of SNAPauthorized food retailers, community health, and where SNAP participants live.
Food retailers can be classified as healthy based on criteria listed by InfoUSA and the
North American Industry Classification System (NAICS) and includes supermarkets, large grocery
stores, supercenters, and warehouse clubs, and fruit and vegetable specialty stores (Kirsten A
Grimm, Latetia V Moore, & Kelley S Scanlon, 2013). Most SNAP-authorized retailers in lowincome urban communities are limited-service retailers with less than 1% selling fresh fruits and
vegetables, thus associated with an increased rate of premature death due to heart disease
(Racine, Wang, Laditka, Johnson, & Mignery, 2013). Further, greater residential segregation has
been associated with increased participation in SNAP, but health outcomes vary (Kramer &
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Hogue, 2009; Wilson, 2011; Yang et al., 2017). Examining the SNAP-retailer type and the
densities of these with their relationship to residential segregation can better understand the
role SNAP retail type has with community development and health status.

Research Questions and Hypotheses
The federal SNAP policy is a social welfare policy from the United States Department of
Agriculture that impacts participants' health. Given SNAP is a welfare policy entitled to incomeeligible households, the risk of poor health, including diabetes and obesity, increases with low
socioeconomic status. It is a people-based policy that also has place-based implications. For
every dollar redeemed from SNAP benefits, the Gross Domestic Product increases by $1.54
(Canning & Morrison, 2019). With SNAP benefits contributing to the local economies, the
federal SNAP policy has place-based implications. This study will not delve into the place-based
policy impact but rather the spatial relationship between the people-based policy of SNAP and
where benefits are redeemed in the SNAP retail environment. This study focuses on three
aims—population health characteristics in urban areas, spatial relationship of SNAP
participation and the SNAP retail environment, and regional differences in population health
and the SNAP retail environment.

Aim 1: Examine obesity and diabetes prevalence and their relationship to urbanicity and SNAP
retail food environment.
The Supplemental Nutrition Assistance Program (SNAP) aims to reduce food security by
increasing the purchasing power for food. Yet, obesity rates and poor diets are higher among
SNAP participation, especially among Hispanics and Blacks (Andreyeva, Tripp, & Schwartz, 2015;
Chaparro, Harrison, Wang, Seto, & Pebley, 2017; Nguyen, Shuval, Bertmann, & Yaroch, 2015).
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Further, Blacks and Asian Americans are more at risk of developing Type 2 diabetes (CDC, 2020).
While SNAP increases the purchasing power for healthy foods, the cost for healthy, fresh foods
tends to be more expensive than energy-dense, processed foods. Factors such as race,
economic status, and geographic location that contribute to health are known as social
determinants of health (CDC, 2020). Food swamps, or high density of retailers selling energydense, or junk foods, are associated with being a stronger predictor of obesity (Cooksey-Stowers
et al., 2017). The prevalence rate of adult obesity and diabetes will likely be higher in lowincome, black communities as population and commercial densities increase.

Research Question 1:

What is the relationship between diet-related conditions, race/ethnicity,
and socioeconomic status in urban neighborhoods?

Hypothesis 1: Diet-related diseases are associated with low socioeconomic and minority
population groups.
1.1 Poor health prevalence will increase as the rate of Black populations increases.
1.2 Poor health prevalence will increase as the rate of Asian populations increases.
1.3 Poor health prevalence will increase as the rate of Hispanic populations increases.
1.4 Poor health prevalence will increase with increased residential segregation.
1.5 Poor health prevalence will increase with increased unhealthy SNAP retailers.
1.6 Poor health prevalence will increase with increased household SNAP participation.

Aim 2: Analyze spatial mismatch between healthy SNAP Retailers and high SNAP participation
communities.
There is evidence that the retail food environment differs between high proportion and
low proportion of black counties (C. R. Singleton, Affuso, & Sen, 2016). Black communities are
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more likely to experience limited food access, and this would be further exacerbated for lowincome, black neighborhoods. Residential segregation among white/black neighborhoods has
contributed to skill segregation, suggesting a need for more mobility policies to employment (H.
Li et al., 2013). Despite the role of SNAP, low socioeconomic status (SES) and minority
neighborhoods are more likely to have limited access to healthy SNAP-authorized retailers
(Racine et al., 2013). While most SNAP benefits are redeemed at supermarkets compared to
other SNAP retailers in suburban areas, other SNAP retailers have a smaller share in low-income
areas. These smaller retailers have a greater role for low-income core areas regardless of the
presence of supermarkets, and low-income residents often travel outside their neighborhood to
purchase food (Schwartz, Grindal, Wilde, Klerman, & Bartlett, 2018; Shannon, 2014). Therefore,
with what is known about residential segregation, areas with higher SNAP participation,
especially with a higher minority population, will have to travel further for healthier, affordable
food. There is plenty of literature suggesting low-income, urban neighborhoods are in food
deserts or the lack of grocery stores within a mile (R. E. Walker et al., 2010). With the
understanding of food deserts, food insecurity will decrease with a higher density of SNAPauthorized retailers, but low-income residents will have less access to healthy SNAP food
retailers (i.e., supermarkets), especially for predominantly black communities (Cooksey-Stowers
et al., 2017).
Given the social implications of residential segregation, research on spatial mismatch
hypothesis in community development can benefit by examining the social determinants of
health, including food affordability and availability. There is one study addressing spatial
mismatch and food access. Meenar and Hoover (2016) examined the relationship of the urban
agriculture program in Philadelphia and found low-income and majority Black/African American
residents were less likely to access urban agriculture programs such as community gardens.
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However, Eisenhauer (2001) suggested poor health among low-income, minority populations
may be attributed to what she called “supermarket redlining,” in which supermarkets locate
themselves away from minority, low-income neighborhoods due to land energy costs, perceived
theft, and lack of profitability.

Research Question 2:

Is there spatial mismatch between racially/ethnically segregated and
low-income neighborhoods and healthy SNAP retailers?

Hypothesis 2: Low-income and minority communities have less access to affordable healthy
foods.
2.1 SNAP retailer availability will increase with increased low SES.
2.2 The rate of unhealthy SNAP retailers will increase with increased low SES.
2.3 The rate of unhealthy SNAP retailers will increase with increased residential segregation.
2.4 Unhealthy SNAP retail environment is higher with increasing residential segregation.
2.5 Low-income and minority communities will have to travel further for healthy SNAP retailers.

Aim 3: Identify regional differences in the SNAP retail environment and its relationship to
health, race/ethnicity, and SNAP participation.
This study examines urban areas in the contiguous United States. As a result, it would be
expected that there would be regional racial/ethnic differences in food access and health. The
United States Diabetes Belt identifies the highest rates of diabetes prevalence and includes over
600 counties in 11 states, almost entirely located in the Southeast, with the highest rates
coming from non-Hispanic Blacks (Barker, Kirtland, Gregg, Geiss, & Thompson, 2011). While
obesity is considered an epidemic within the United States, the highest rates of obesity are
found largely in the Southeast, including Louisiana, Mississippi, Alabama, Tennessee, and South
92

Carolina. Further, there are high rates in the Mountain Plains, including Kansas, North Dakota,
and South Dakota (Slack, Myers, Martin, & Heymsfield, 2014). With regards to food access,
chain supermarkets are less likely to be located in neighborhoods with predominantly nonHispanic Blacks and Hispanic neighborhoods (K. A. Grimm, L. V. Moore, & K. S. Scanlon, 2013).
Further, the Mid-West had the highest rate (36.6%) of having at least one healthy food retail
within a census tract or a ½ mile of the census tract while the West had the lowest rate at 24.1%
(K. A. Grimm et al., 2013).

Research Question 3:

How do the relationships between diet-related conditions, demographic
and socioeconomic status, and SNAP retail environment vary among
urban neighborhoods by regions in the United States?

Hypothesis 3: Food access and health vary by region and race/ethnicity.
3.1 Obesity rates will be highest in the Southeast and Mountain Plain Regions.
3.2 Diabetes rates will be highest in the Southeast.
3.3 Minority rates of household SNAP participation will vary by region.
3.4 Increased rates of household SNAP participation will travel further to a SNAP-authorized
supermarket.
3.5 Census tracts with higher rates of minority populations will travel further to a SNAPauthorized supermarket.

Data Collection
Data were collected from public sources, including the United States Department of
Agriculture, the American Community Survey, and the Centers for Disease Control and
Prevention.
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Regions
Consistent with USDA data for studying SNAP retailers, identifying the United States
regions followed the USDA’s Food and Nutrition Services division. The data were divided into
seven United States regions based on the USDA’s Agricultural Market Services. The regions are
defined based on Figure 4.2. In this study, the data focused on the continuous United States,
including the District of Columbia. Therefore, data from Alaska, Hawaii, and the territories were
not included.

Figure 4.2 USDA Regions and Study Census Tracts
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Urban Census Tract Data
The Centers for Disease Control and Prevention (CDC) 500 Cities project aimed to
compile epidemiologic data of chronic disease risk factors, clinical preventive services, and
health outcomes at the census tract level for the 500 largest cities in the United States. Given
the census-tract level of data available, this study identifies these cities and their census tracts
as the focus for urban analysis for geographic variations. This dataset includes at least one city in
each of the 48 contiguous states and as the District of Columbia. Therefore, nearly 500 cities,
including 22,729 eligible census tracts, were used for this study (Figure 4.2).
While the CDC 500 Cities program focused on the largest cities in the United States, the
program also intended to include the largest city in each state, such that each state is
represented. Of the nearly 23,000 census tracts, Figure 4.3 lists the number of census tracts for
each region. The West region has the most census tracts at 4,643 tracts, while the Northeast has
the least with 1,222 census tracts.

Figure 4.3 Census tract counts per region
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SNAP Retailers
The list of SNAP-authorized vendors was downloaded from the United States
Department of Agriculture, Food and Nutrition Services SNAP Food Retailer Locator website. The
list was based on the 2017 federal fiscal year and included store name, address (street, city,
county, and ZIP), and latitude and longitude coordinates. There was much effort in cleaning
these data as there were typos in the spelling of the store name and addresses. Further, there
were numerous investor company names and names of developers in place of store names,
which then had to be verified for store type using Google maps. Largely, these were
convenience stores and gas stations.
Each store was categorized by retail type based on the North American Industry
Classification Systems (NAICS) codes. Small grocers were defined as grocery stores with less than
three employees, identified through the Business Analyst tool from ESRI ArcGIS. However,
coding by retail type was not straightforward using NAICS. Some small retailers (i.e., grocery
stores) were identified as supermarkets. Therefore, non-chain supermarkets were randomly
selected and reviewed for reliability using Google Maps and reviewed by a second coder. Upon
this reliability checking, some stores were listed as closed. However, since the data used were
from 2017, it was assumed the USDA’s accountability requirements of vendors would assure
that during the time of store audit, these stores were operational during the 2017 fiscal year.
Each SNAP-authorized retailer was coded as healthy or unhealthy based on the Centers
for Disease Control and Prevention criteria (CDC, 2011). This classification system is listed in
Table 4.1.
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Retail Type
Supermarkets
Fruit and Vegetable Market
Convenience Stores
Small Grocers
Discount Variety Stores
Warehouse Membership Club
Pharmacy

Table 4.1 Classification of retailers

NAICS Code
445110
445230
445120
445110
452319
452910
446110

Classification
Healthy
Healthy
Unhealthy
Unhealthy
Unhealthy
Healthy
Unhealthy

Figure 4.4 lists the SNAP-authorized retailers by retail type based on the NAICS code.
Most SNAP retailers were convenience stores (n=35,053) followed by supermarkets (n=11,494).
The fewest SNAP retailers were Department stores (i.e., Target) and membership stores (i.e.,
Costco’s) at n=209 and n=590, respectively. Further, convenience stores are the most common
SNAP retailer in all regions. Following convenience stores, the second-leading number of SNAP
retailers varied among supermarkets, discount stores, and grocery stores.
Table 4.2 details the independent and variables that were included in data analyses.
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Figure 4.4 Counts of SNAP retailer types by region
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Variables
Variable

Operational
Unit of
Definition
Analysis
Construct: Health (Dependent Variables)
Diabetes
Diabetes
Census
Prevalence
prevalence is the
Tract
percent of adults in
a specified area
who report being
told they have
diabetes by a
physician or
healthcare
provider.
Adult Obesity
Percent of adults
Census
who reported their Tract
height and weight
used to calculate
their Body Mass
Index (BMI). BMI
values over 30 are
considered obese.
Adult obesity is the
percent of the
adult population
who has a BMI
equal to or greater
than 30 for a
specified area.
Construct: SNAP Food Access (Dependent Variables)
Unhealthy SNAP
Unhealthy SNAP
Census
Food Retail
Food Retail Density Tract
Density
measures the
number of SNAP
unhealthy food
retailers per
household using
SNAP. Higher
density values
indicate increased
availability of
unhealthy SNAPauthorized
retailers.
Distance to
Spatial Mismatch
Distance
Closest SNAPwill examine the
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Measure

Source

Percent

500 CDC Cities
Program

Percent

500 CDC Cities
Program

Count/HHSNAP

USDA
NAICS
Census

Kilometer

ESRI Business
Analyst

authorized
Supermarket

distance between a
point (centroid) in
a census tract to
the closest SNAPauthorized
supermarket.
Construct: Community Characteristics (Independent Variables)
Percent of
Percent of
Census
Percent
households
households who
Tract
participating in
have participated
SNAP
in the SNAP
program in the last
12 months based
on the total
number of
households in a
specified area.
Percent of Blacks Percent of
Census
Percent
population who
Tract
identify as Black
based on total
population of a
specified area.
Percent of
Percent of the
Census
Percent
Hispanics
population who
Tract
identify as Hispanic
based on total
population of a
specified area.
Percent of Asians Percent of the
Census
Percent
population who
Tract
identify as Asian
based on total
population of a
specified area.
Household
Percent of
Census
Percent
Renter Rate
occupied housing
Tract
units that are
rented.
Population
Population density Census
Population/Square
Density
is the number of
Tract
Mile
people living per
unit of area. Higher
values indicate
higher density.
SNAP retailer
SNAP retailer rate
Census
Percent
rate
measures the
Tract
100

ACS

ACS

ACS

ACS

ACS

Census

USDA
NAICS

Segregation
Index

Social
Vulnerability
Index

Control Variables
Median
Household
Income

percent of SNAPauthorized retailers
from all potential
SNAP-eligible
retailers. Higher
values indicate
increased
availability of
SNAP-authorized
retailers.
Segregation Index
applies the
dissimilarity index
between black and
white residents
living separately.
The residential
segregation index
ranges from 0
(complete
integration) to 100
(complete
segregation).
Measure of social
capital variables
using principal
component
analysis and
divided by
population per
10,000.
(Rupasingha,
Goetz, &
Freshwater, 2006).
The higher values
indicate a high
association to
social networks.
Median household
income is selfreported
household income
on the American
Community Survey
(ACS)

ESRI Business
Analyst

Census
Tract

Index

ACS

Census
Tract

Index

National
Environmental
Public Health
Tracking
Network

Census
Tract

Dollars ($)

ACS
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Percent of
Population with
no Diploma

Households
below Federal
Poverty Level

Table 4.2 List of variables

High School
attainment is the
percentage of the
population with at
least a high school
education.
Households with an
income at or less
than the Federal
Poverty Level are
based on the
percent of
households that
meet this criterion
in a specified area.

Census
Tract

Percent

ACS

Census
Tract

Percent

ACS

Data Analysis
The analysis examined predictive relationships of poor health, racial/ethnic disparities,
and access to SNAP-authorized retailers. Each construct will include multiple variables for
measure, thus increasing the robustness of the study design. Further, model analysis will begin
with a bi-variate approach for identifying variables within each construct. Once variables have
been identified based on significance, then those variables will be applied toward a multi-variate
model for analysis. Significance will be determined by a p-level < 0.5. To improve prediction and
model building, the social sciences discipline is emerging to understand the application of
machine learning algorithms better as it has long used linear regression models for quantitative
data analysis (Hindman, 2015). Machine learning techniques allow quantifying uncertainty,
identifying best predictive models, and test model performance in a more efficient way
(Hindman, 2015). Therefore, while forward stepwise regression was used to build a full model,
residual diagnostics and machine learning techniques were applied to identify best predictive
models and test model performance.
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Machine Learning Application
This analysis aimed to determine variables for parsimonious models. Linear regression
tends to focus on minimizing the residual sum of squares, thus can perform poorly with too
many parameters (James, Witten, Hastie, & Tibshirani, 2013). Linear regression modeling
requires the following assumptions:
Linearity: There is a linear relationship between predictor and outcome variables.
Homoscedasticity: The variance of errors is the same for all independent variables.
Independence of errors: The residuals are independent, and there is no autocorrelation.
Normality: Errors of the model are normally distributed.
Machine learning can improve regression models when there are too many parameters or
when the model becomes too complex, known as overfitting. When models become this
complex, it is difficult to differentiate between the true underlying pattern desired and the
noise. Therefore, these complicated prediction models may be based on noise.
When regression models violate the assumptions such as non-normality or
heteroscedasticity, variable transformation may be necessary to improve the models (Box &
Cox, 1964). The Box Cox transformation expands from the traditional transformations (i.e., log,
square root, etc.) by applying power transformation (Osborne, 2010). Box Cox transformation
function, in the “MASS” package in R, estimates the power transformation coefficient, lambda,
by identifying the maximum log-likelihood for the minimum sum of the squared estimate of
errors (SSE) (Osborne, 2010).
To address concerns with overfitting, a branch-and-bound algorithm can identify
parsimonious models by searching many solutions to find an optimal solution (Hand, 1981). The
Branch-and-Bound, available in the “leaps” package in R, is a machine learning algorithm that
allows best models to be selected when the adjusted R-square is maximized with the minimum
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prediction error. In this study, minimum predictor error compared Mallow’s Cp and Bayesian
Information Criterion (BIC) to identify the parsimonious models. The “leaps” package identifies
best models and the model with the lowest Cp. Having obtained the subset beta values, the
Residual Sum of Squares (RSS) and the Bayesian Information Criterion (BIC) value for each model
were calculated. Lists of the covariate values, covariate names, RSS values, and parameters such
as β and λ were generated for each subset of covariates corresponding to the minimum subset
BIC values (James et al., 2013). The lowest BIC value indicates the best model.

Multiple Regression Analysis
Regression analysis was used to determine the predictive relationship between the
dependent and independent variables. The typical linear regression model is:
𝑌𝑌 = 𝛽𝛽0 + 𝛽𝛽1 𝑥𝑥1 + 𝛽𝛽2 𝑥𝑥2 + ⋯ + 𝛽𝛽𝑛𝑛 𝑥𝑥𝑛𝑛

Multiple regression analysis was conducted using R statistical computing (R_Core_Team, 2017).
Given the multiple variables in this analysis, many of which are similar, an assumption for no
multicollinearity was checked.
Hypothesis 1:
Y1= Percent of Adult Obesity
Y2= Percent of Adult Diabetes Prevalence
X1= Percent Blacks
X2= Percent Asian
X3= Percent Hispanic
X4= Household Median Income
X5= Percent of Households with Income Below Poverty
X6= Percent of Households participating in SNAP
X7= Percent of Population with no High School Diploma
X8= Population Density
X9= Renter Rate
X10= Segregation Index
X11= Percent of Eligible Retailers Authorized as SNAP Vendors
X12= Social Vulnerability Index
X13= Unhealthy SNAP Retail Density
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Hypothesis 2:
Y1= Unhealthy SNAP Density
Y2= Distance to SNAP Supermarket
X1= Percent Blacks
X2= Percent Asian
X3= Percent Hispanic
X4= Household Median Income
X5= Percent of Households with Income Below Poverty
X6= Percent of Households participating in SNAP
X7= Percent of Population with no High School Diploma
X8= Population Density
X9= Renter Rate
X10= Segregation Index
X11= Social Vulnerability Index
Hypothesis 3:
Each model was performed by region as the urban context differs among regions.

Improving Predictive Regression Models: Addressing Overfitting
In addition to addressing violations of assumptions, machine learning can improve regression
models when there are too many parameters or when the model becomes too complex, known
as overfitting. When models become this complex, it is difficult to differentiate between the
true underlying pattern desired and the noise. Therefore, these complicated prediction models
may be based on noise.
One of the challenges in improving prediction models is finding a balance between the
number of predictor variables and goodness of fit. Tables 4.3 and 4.4 are the incremental
models for Diabetes and Obesity, respectively, from the Southeast region dataset (n=2,951). The
models improve, as noted by the adjusted R values, as the model builds additional predictor
variables. While the tables below show an incremental increase in the number of predictor
variables, they do not represent all the possible subsets of models. Since there are 13 predictor
variables, there are 213 possible model combinations or 8,192 possible models. With these
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possibilities, it is not suitable to select the best model based on the Residual Sum of Squares
(RSS) or R-square because the number of predictors varies among models. Figures 4.5 and 4.6
providing the corresponding full model regression summary plots.
Dependent Variable: Diabetes Prevalence Rates
Independent Variables Model 1
Model 2
Blacks
0.108368*** 0.04681***
Asians
-0.26560*** -0.1678***
Hispanics
0.072918*** -0.006301
Median Household
Income
Percent Poverty
Households
participating in SNAP
High School
Attainment

Model 3
0.04657***
-.08175***
0.001579

Model 4
0.4761***
-0.08072***
0.001749

-0.0000095**

-0.00003556***

-0.0000364***

-0.06547***
0.1331***

-0.01555*
0.1235***

-0.01906**
0.1264***

0.1503***

0.1222***

0.1183***

0.00003499*
-0.07773***

0.00003455*
-0.08223***

1.858***

1.805***

Population Density
Rental Occupancy
Rate
Segregation Index
SNAP Retailer Rate
Social Vulnerability
Index
Unhealthy SNAP retail
density
Residual Standard
Error
Adjusted R-Square

-0.001212
0.6889**
0.04769***
3.17
0.57

2.64
0.70

2.41
0.75

Table 4.3 Linear regression incremental models for adult diabetes prevalence in the Southeast
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2.40
0.75

Figure 4.5 Full multivariate regression model plots for diabetes prevalence in the Southeast
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Dependent Variable: Obesity Prevalence Rates
Independent
Model 1
Model 2
Variables
Blacks
0.203352*** 0.1027***
Asians
-0.30056*** -0.1612***
Hispanics
0.063419*** -0.05098***
Median Household
Income
Percent Poverty
Households
participating in SNAP
High School
Attainment

Model 3

Model 4

0.1020***
-0.1255***
-0.02610***

0.1007***
-0.1260***
-0.02272***

-0.00002806***

-0.00004166***

-0.0000423***

-0.01179
0.1367***

0.02255**
0.1375***

0.02421**
0.1357***

0.2124***

0.1807***

0.1833***

-0.0001382***
-0.04016***

-0.0001372***
-0.0311***

-0.5156

-0.3174

Population Density
Rental Occupancy
Rate
Segregation Index
SNAP Retailer Rate
Social Vulnerability
Index
Unhealthy SNAP
retail density
Residual Standard
Error
Adjusted R-Square

0.00667***
-1.181***
-0.0008037
4.00
0.72

2.99
0.84

2.89
0.85

Table 4.4 Linear regression incremental models for adult obesity prevalence in the Southeast
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2.86
0.86

Figure 4.6 Full multivariate regression model plots for adult obesity prevalence in the Southeast

Machine learning applications allow selecting predictor variables to identify
parsimonious models based on an information criterion. Branch-and-Bound is a machine
learning algorithm that allows searching a large number of solutions to find an optimal solution
(Hand, 1981). In R, the “leaps” package performs by applying the branch-and-bound algorithm
to identify the best subsets of predictor variables for the outcome variable in linear regression
(Lumley, 2013). Best models are selected when the adjusted R-square is maximized with the
minimum prediction error. In this study, minimum predictor error compared Mallow’s Cp and
Bayesian Information Criterion (BIC) to identify the parsimonious models. The “leaps” package
identity best models and the model with the lowest Cp, which included 12 predictors (Cp=12.09)
for Diabetes and 12 predictors for Obesity (Cp=11.916).
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The “regsubsets” function allows for a more expeditious, exhaustive search. After
performing the function in R, each model included eight predicter variables. Tables 4.5 and 4.6
include the diabetes and obesity model selections, respectively, including their corresponding
information criteria values for each model. Model 8 (model with eight predictors) for each
diabetes and obesity were selected based on their lowest BIC.
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Best Subset Models for Diabetes from Southeast dataset
Model

1
2
3
4
5
6
7
8

Percent
Black

X
X
X
X
X
X

Percent
Asian

Percent
Hispanic

Median
Income

Percent
Poverty

X
X
X
X
X
X
X
X

X
X
X
X

X
X

Percent of
SNAP
Households

Percent
of No
Diploma

Population
Density

X
X
X
X
X
X
X

x
X
X
X
X

Table 4.5 Best model selections for diabetes prevalence in the Southeast

Best Subset Models for Obesity from Southeast dataset
Model

Percent
Black

1
2
3
4
5
6
7
8

X
X
X
X
X
X
X
X

Percent
Asian

X
X
X

Percent
Hispanic

Median
Income

X
X
X
X

Percent
Poverty

Percent of
SNAP
Households

Percent
of No
Diploma

X
X
X
X
X
X

X
X
X
X
X
X
X

Table 4.6 Best model selections for adult obesity prevalence in the Southeast

Rate of
Renter
Occupancy

Population
Density

X
X
X
X
X

Rate of
Renter
Occupancy

X
X
X
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Segregation
Index

SNAP
Retailer
Rate

SVI

x
X
X

Segregation
Index

Unhealthy
SNAP
Density

X

SNAP
Retailer
Rate

X

SVI

Unhealthy
SNAP
Density

Cp

BIC

AdjR2

RSS

1870.7
1192.5
666.8
319.3
176.1
91.9
50.6
40.0

-2636
-3077
-3472
-3765
-3891
-3966
-4000
-4005

0.593
0.650
0.695
0.724
0.736
0.744
0.747
0.748

27706
23794
20759
18749
17914
17419
17170
17097

Cp

BIC

AdjR2

RSS

3820.0
1052.6
657.2
418.0
281.7
192.0
133.8
76.0

-3260
-4806
-5107
-5303
-5419
-5497
-5546
-5596

0.670
0.805
0.825
0.836
0.843
0.847
0.850
0.853

55288
32662
29415
27444
26314
25565
25073
24585

Improving Predictive Regression Models: Addressing Non-Linearity and Data Transformation
The regression model for spatial mismatch in the Southeast provides an example of a
model that violates assumptions for linear regression. The linear regression model is:
𝑇𝑇𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ~ 𝛽𝛽0 + 𝛽𝛽1 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵1 + 𝛽𝛽2 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2 + 𝛽𝛽3 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻3
+ 𝛽𝛽4 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻4 + 𝛽𝛽5 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼5 + 𝛽𝛽6 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃6
+ 𝛽𝛽7 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑝𝑝𝑝𝑝 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒7 + 𝛽𝛽8 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅8
+ 𝛽𝛽9 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼9 + 𝜀𝜀

Figure 4.7 below provides the regression plots. The upper left plot demonstrates a violation of
linearity. The QQ plot in the upper right displays a violation of normality and the positively
skewed histogram in Figure 4.8. The lower left plot of Scale -Location demonstrates
heteroscedasticity, which violates homoscedasticity. Based on the plots, the model violates the
assumptions of linearity, homoscedasticity, and normality.

Figure 4.7 Southeast spatial mismatch regression model plots without any data transformation
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Figure 4.8 Histogram of residuals from the Southeast spatial
mismatch linear regression model

Figure 4.9 Histogram of residuals from the Southeast
spatial mismatch linear regression model after removing
the outliers

After performing the Box Cox function for outliers, the model, with outliers removed,
improved regarding normality, as seen in the histogram in Figure 4.9. In addition, the Box Cox
transformation function allows finding the log-likelihood for lambda to transform the data to
address concerns with normality. Figure 4.10 identifies the lambda at 0.38384 for the data
transformation in the regression model.

Figure 4.10 Box Cox transformation to identify the lambda for data transformation
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After performing the data transformation on all variables, the full model transformed
and improved in addressing the violations of normality and homoscedasticity. Figure 4.11
displays the plots for the transformed regression model for Southeast spatial mismatch.

Figure 4.11 Southeast spatial mismatch regression model after data transformation using the Box Cox Transformation
package in R

Jaccard Similarity Index to Measure Spatial Mismatch
In addition to the traditional approach in analyzing spatial mismatch using regression
models, spatial mismatch applied the Jaccard Similarity and Dissimilarity method. The Jaccard
approach compares patterns to extract meaning. While statistical modeling aims to make
accurate predictions, it does not guarantee its truthfulness of the patterns in that model
(Fletcher & Islam, 2018). While data contain attributes, or information, that correspond to a
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value, patterns require criteria that can be inferred for additional information. Patterns take the
data and transform them into a single element.
Data mining is the process of extracting knowledge from a database or dataset (Kumar,
Ramulu, Reddy, Kotha, & Kumar, 2012). It is necessary for cluster analysis since it refers to the
relationship of common attributes. However, spatial data mining adds the spatial attributes to
the dataset, contributing to further information in patterns (Kumar et al., 2012). Geographic
Information Systems (GIS) have emerged in various disciplines to offer the technologies for
spatial data collection and analysis.
Comparing patterns is not new in machine learning; pattern mining and decision forests
have demonstrated the value of patterns in acquiring new information (Fletcher & Islam, 2018).
The Jaccard Index is a statistical tool that compares the patterns of elements by taking the ratio
of intersection and union of two sets of patterns, which provides more simplicity,
interpretability, and applicability (Fletcher & Islam, 2018; Jaccard, 1908; Real, 1999). In machine
learning and handling large data, Jaccard has been applied in analyzing patterns for similarity, or
dissimilarity, between images and texts. With GIS, planning research includes applying Jaccard
Similarity to analyze land cover classification (Davydow & Nikolenko, 2018). Yet, there are many
potential opportunities to apply Jaccard Index in urban planning, including community
development, land uses, and public crowdsourcing.
This dissertation applied data mining and cluster analysis to measure spatial inequality
between unhealthy and healthy SNAP retailers, using the Jaccard Similarity Index to measure
dissimilarity. This is the first known study that converts raster maps as images for pattern
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comparisons using the Jaccard approach. Figure 8 briefly summarizes the sequence to apply the
Jaccard Index using GIS technology—Data Aggregation, Cluster Analysis, and Overlay Analysis.
SNAP retailers were classified between healthy and unhealthy based on the Centers for
Disease Control and Prevention (CDC) criteria. Data were aggregated by the city from the
dataset and were geocoded and mapped using ArcGIS.
This dissertation applied data mining and cluster analysis to measure spatial inequality
between unhealthy and healthy SNAP retailers, using the Jaccard Similarity Index to measure
dissimilarity. This is the first known study that converts raster maps as images for pattern
comparisons using the Jaccard approach. Figure 4.12 briefly summarizes the sequence to apply
the Jaccard Index using GIS technology—Data Aggregation, Cluster Analysis, and Overlay
Analysis.
SNAP retailers were classified between healthy and unhealthy based on the Centers for
Disease Control and Prevention (CDC) criteria. Data were aggregated by the city from the
dataset and were geocoded and mapped using ArcGIS.
To create the images, Kernel Density analysis was performed at three radii search
distances— 1/2-mile, 1-mile, and 2-mile. The resolution, or pixel size, for each raster map was
420 ft x 420 ft. The map in Figure 4.13 overlays the ½- Kernel Density map for unhealthy and
healthy retailers. Using the ArcGIS geoprocessing tools, Intersection and Union, each pair were
tabulated and produced values to determine the Jaccard Similarity Index and then the
dissimilarity based on the equations below:
Jaccard Similarity Index
Jaccard Distance

𝐽𝐽𝐴𝐴𝐴𝐴 =

𝐴𝐴∩𝐵𝐵
𝐴𝐴∪𝐵𝐵

d𝐴𝐴𝐴𝐴 = 1 − 𝐽𝐽𝐴𝐴𝐴𝐴 = 1 −
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𝐴𝐴∩𝐵𝐵
𝐴𝐴∪𝐵𝐵

Data Aggregation

Cluster Analysis

Overlay Analysis

•Classifying healthy and
unhealthy retailers
•Identifynig
neighborhood
distances for
comparisons

•Kernel Density

•Intersection and Union

Figure 4.12 Process to determine Jaccard Index

Figure 4.13 Kernel Density analysis of unhealthy and healthy SNAP retailers at the
1/2-mile radii distance
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CHAPTER FIVE
HEALTH, URBANICITY, and SNAP RETAIL ENVIRONMENT:
IMPLICATIONS FOR PLANNING and POLICY
Introduction
Every year the United States spends nearly $500 billion treating diabetes and obesityrelated conditions (Association, 2018; Finkelstein, Trogdon, Cohen, & Dietz, 2009). Obesity is a
significant risk factor for such chronic diseases and is considered an epidemic in the US, with
over 40% of adults reporting as obese (Hales, Carroll, Fryar, & Ogden, 2020). Similarly, diabetes
accounts for $327 billion of the healthcare burden in the United States and is one of the leading
causes of death (Association, 2018). Diet plays a significant influence in such chronic conditions;
however, traditional health promotion and education messages cannot be effective if the
environment, policy, and systems do not support such interventions (Opie, 2014). This study
examined the relationships between health, urbanicity, and the food environment for
implications to support healthy eating through planning and policy.

Obesity and Diabetes
While obesity and diabetes are prevalent throughout the United States, some
population groups are more at risk for these conditions. Non-Hispanic Black adults have the
highest obesity rate at nearly 50%, followed by Hispanics at nearly 45%, Whites at 42%, and
Asians at 17% (Hales et al., 2020). In terms of diabetes rates, non-Hispanic blacks (16.6%),
Hispanics (14.7%), and Asians (14.9%) have higher rates of diabetes than non-Hispanic whites
(11.9%) (Control & Prevention, 2020). Further, socioeconomic status can influence obesity and
diabetes prevalence, but they are more complex when it comes to gender and whether there is
Hispanic origin. Regardless of gender, obesity and diabetes prevalence is lower among those
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with college education compared to those with less education (Control & Prevention, 2020;
Ogden et al., 2017). Diabetes prevalence is also higher among low-income populations (Beckles
& Chou, 2016). Similarly, obesity is less prevalent with higher income levels, specifically when
the poverty income ratio is over 200% (Y. Wang et al., 2020).
In this study, data from over 400 cities from the contiguous United States were collected
at the census tract level from the CDC’s 500 Cities program (CDC, 2018). Regardless of region,
census tracts with a higher population of Blacks also had increasing rates of obesity and
diabetes. The obesity rate nears 40%, with census tracts of the highest population of Blacks
(Figure 5.1). Similarly, diabetes prevalence rates increased with an increasing population of
blacks, nearing 17% with close to 100% Blacks in census tracts (Figure 5.3). While there was an
inverse relationship between Asian populations and obesity rates (Figure 5.2), diabetes rates
increased with increased rates of Asians (Figure 5.4). There was no significance in the
relationship between Hispanic populations and obesity rates, yet there was significance in the
relationship between diabetes prevalence and Hispanic populations.
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Figure 5.1 Percent of Blacks in urban census tracts and obesity rates

Figure 5.2 Percent Asians by urban census tracts and obesity rates
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Figure 5.3 Percent of Blacks by urban census tracts and diabetes rates

Figure 5.4 Percent of Asians by urban census tracts and diabetes rates
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Many factors contribute to poor diet and physical inactivity. While active living is
important for obesity prevention and weight management, this study focused on the dietary
aspect of obesity.
This study further examined the rates of obesity and diabetes in urban census tracts as
the outcome variable and its relationship to predictor variables associated with race,
socioeconomic status, and urbanicity. After performing model selection for linear regression,
the variables in Figure 5.5 were the best subset for each model (Model 1=Diabetes, and Model
2=Obesity) and each where the variable was significant at p<0.05. In addition to the
relationships as mentioned above, the models had a couple of differences. The diabetes model
included the Social Vulnerability Index (SVI) such that increased SVI in census tracts was
associated with increased rates of diabetes, such that communities with more social
vulnerability yielded higher diabetes rates. The obesity models included the rate of poverty and
population density. Like the pattern of obesity rates and income, increased rates of poverty
were associated with increased rates of obesity. However, while the study focused on urban
census tracts, there was an inverse relationship between obesity rates and population density.
Figure 5.5 shows the directionality and strength of the relationship as determined by its position
around zero.
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Figure 5.5 Best models of linear regression for diabetes (model 1) and obesity (model 2)

Obesity, Diabetes, and SNAP
Obesity and diabetes are associated with poverty and low income, which then relates to
food insecurity. The Supplemental Nutrition Assistance Program (SNAP) is a federal policy aimed
at increasing the purchasing power for income-eligible households for buying food from SNAPauthorized retailers, thus improving food security. Participation in the USDA’s SNAP benefits
households in reducing the rate of food insecurity (J. Mabli & Ohls, 2015). In a longitudinal study
(6-month participation in SNAP), the rate of food insecurity and very low food insecurity reduce
up to 17% and 19%, respectively (J. Mabli & Ohls, 2015).
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However, decreasing income has been associated with increasing obesity and diabetes
rates such that those with increasing food insecurity are more likely to be obese and/or diabetic.
With SNAP being a federal program aimed at reducing food insecurity, it is worthwhile to see if
there is a relationship between SNAP participation, obesity, and diabetes. In this study, areas
with increased rates of households participating in SNAP have increasing rates of obesity and
diabetes (Figures 5.6 and 5.7, respectively). The direct relationship between SNAP participation
and obesity and diabetes is consistent with the literature. According to Zagorsky and Smith
(2009), BMI increases for women by one unit for those participating in SNAP compared to those
who do not when controlling for socioeconomic status.
Further, SNAP participation may be associated with increased obesity, especially related
to the SNAP benefits cycle of payment (Dinour, Bergen, & Yeh, 2007). SNAP participation is
associated with increased obesity rates, especially among the Hispanic population (Chaparro et
al., 2017). Also, SNAP participation and food insecurity, independently, are associated with
lower dietary quality and increased prevalence of obesity and diabetes (Leung et al., 2012;
Nguyen et al., 2015). Further, in developed countries, like the United States, the food insecurity
and obesity paradox, and increased diabetes prevalence associated with food insecurity, may be
due to the quality of diet, such that households with limited finances are likely to access more
affordable energy-dense foods and binge on food when food is available since a next meal may
not be predictable (Franklin et al., 2012; Leung et al., 2012).
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Figure 5.6 Percent of households participating in SNAP and obesity rates

Figure 5.7 Percent of households participating in SNAP and diabetes rates
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Obesity, Diabetes, and Food Environment
While SNAP participation and chronic diseases (i.e., obesity and diabetes) seem to have
a causal relationship, obesity, SNAP participation, and food insecurity are endogenous
(Dharmasena, Bessler, & Capps, 2016). The public health field has recognized the role of the
built environment in supporting unhealthy lifestyles, thus contributing to chronic diseases.
Swinburn and Egger (2002) introduced the term “obesogenic” environment to suggest that
features of the built environment contribute to poor diet and sedentary behaviors. This paper is
not ignoring the importance of physical activity and active living lifestyles, as there has been
substantial research on the relationship between the built environment and activity living.
Chronic disease prevention efforts have focused on individual behavior changes to support a
healthy diet, yet the food environment can make it difficult to support healthy eating behaviors.
The complexity of food systems, including the food environment and the relationship to health,
has drawn attention to many disciplines addressing policy and practice, including urban planning
(A. Lake & Townshend, 2006).
While the built infrastructure can support active living such as walkability features, the
availability of healthy or unhealthy foods in neighborhoods has not been consistently associated
with obesity or diabetes, but rather other determinants that may contribute the dietary choice
(J. L. Black & Macinko, 2008; Townshend & Lake, 2009). According to Christian (2010), the rate
of obesity increases about 1.4% with an increasing rate of households without vehicle access
and living more than a mile of a full-service grocery store, or supermarket. Further, people who
live near a supermarket are more likely to eat the recommended daily amount of fruits and
vegetables and are less likely to be obese (K. Morland, Diez Roux, & Wing, 2006), suggesting that
lack of access to a grocery store is a determinant of obesity (Christian, 2010).
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The food environment is not limited to the availability of full-service grocery stores.
While individual diets are a matter of choice, the food environment influences these choices,
and often these choices are based on several factors, such as affordability, availability,
accessibility, and appeal (Eichinger, 2016). Food deserts and food swamps describe the food
environment in the lack of supermarkets or the abundance of food retailers other than
supermarkets that typically offer energy-dense food, respectively. Food deserts, or limited
access to nutritious, affordable food, are recognized to contribute to obesity (Ver Ploeg et al.,
2009). However, when controlling for food desert effects, the prevalence of obesity increases
when there is increased availability of convenience stores and grocery stores (K. B. Morland &
Evenson, 2009). Clustering or high concentration of convenience stores and other unhealthy
retailers is associated with increased obesity (Lind, Jensen, Glumer, & Toft, 2016).
Neighborhoods characterized with low socioeconomic status tend to see a clustering of
unhealthy food retailers, including fast food convenience stores (A. A. Lake, 2018). As relates to
SNAP retailers, almost all households in urban areas lived closest to SNAP-authorized
convenience stores (James Mabli, 2014).
Food swamps, or high density of food retailers selling fast food and energy-dense foods,
are stronger predictors of obesity rates better than food deserts (Cooksey-Stowers et al., 2017).
Neighborhoods with higher concentrations of low-income/poverty and minority population
groups have a higher density of fast-food and convenience stores and, therefore, higher rates of
obesity (Babey S.H., 2008; K. Morland, Wing, Diez Roux, & Poole, 2002; Zenk et al., 2005).
Further, unhealthy SNAP-authorized retailers, such as convenience stores, dollar stores, and
pharmacies, have been associated with increased rates of obesity in Virginia (Houghtaling,
Kniola, & Misyak, 2020). In this study, which focused on urban areas, the food environment
focused on the density of unhealthy SNAP retailers. However, this predictor variable was not
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identified in model selection in its relationship with obesity. This was consistent with a study in
Los Angeles County in which the unhealthy food environment was not related to SNAP
participation and obesity rates (Chaparro et al., 2017).

Obesity, Diabetes, and Urbanicity
In terms of addressing obesity, much of the research has focused on suburbia, where
there are lower population densities, vehicle dependency, poor street connectivity, and lack of
sidewalks (Lopez & Hynes, 2006). However, urbanicity provides a specific environment that may
vary by neighborhoods, contributing to disparities, especially in inner-cities, which also relate to
socio-economic differences in land uses (Lopez & Hynes, 2006). Urbanicity, or “the impact of
living in urban areas at a given time,” has demonstrated racial/ethnic and socioeconomic
disparities in obesity among neighborhoods in urban areas (Vlahov & Galea, 2002).
F. Wang, Wen, and Xu (2013) explained policies need to be sensitive to variations in
demographic groups and diversity in urban areas (F. Wang et al., 2013). Predominately black
neighborhoods have less access to supermarkets, and low-income neighborhoods had
decreased availability of supermarkets and increased access to small grocery and convenience
stores (Bower et al., 2014). Residential segregation of Blacks and Hispanics are most likely to see
higher rates of obesity where there is often a lack of supermarket and lacking the availability
and variety of fruits and vegetables (Bower et al., 2015; K. Morland & Filomena, 2007; Yu et al.,
2018).
In urban neighborhoods, there are geographic concentrations of obesity and related
socioeconomic and environmental factors, which correspond to the urban food environment
(Slack et al., 2014). Small, non-traditional food stores (convenience stores, corner stores) are
common in the urban food environment and largely concentrated in low-income and minority
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urban neighborhoods (Caspi, Lenk, et al., 2017b). In addition, low income and higher SNAP
participation have a higher concentration of limited service SNAP retailers than full-service
stores, leading to higher rates of premature death due to heart disease (Racine et al., 2013).
Food insecurity results in many negative consequences; however, the health impact
differs in developed countries than in developing countries. As a developed country, food
insecurity in the United States is strongly associated with chronic conditions, including
hypertension, coronary heart disease, stroke, diabetes, and cancer (Gregory, 2017). The food
insecurity and obesity paradox contribute to these chronic conditions. In developed countries,
like the US, inexpensive foods tend to be energy-dense or high caloric, and when meals are not
predictable, it is not uncommon to binge (Franklin et al., 2012). As a result, the paradox relates
to the quality of food being consumed, often leading to a poor diet that contributes to obesity
and other chronic diseases (Franklin et al., 2012).

Conclusions
In the United States, if obesity trends do not change, obesity-related medical costs could
be up to $66 billion by 2030 (Y. C. Wang, McPherson, Marsh, Gortmaker, & Brown, 2011).
However, annual direct medical costs attributed to diabetes is around $237 billion in 2017
(Association, 2018). Poor diet contributes to obesity and diabetes. However, there are racial
disparities in obesity and diabetes, which are exacerbated by low socioeconomic status. While
the Supplemental Nutritional Assistance Program (SNAP) aims to improve food security for
income-eligible households, SNAP participation has been associated with increased rates of
obesity and diabetes. Despite individuals' desire for healthy foods, diet and food purchasing
behaviors are often influenced by the retail food environment.
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This study reinforces what has been recognized in the literature that there is a
relationship between low socioeconomic status (i.e., SNAP participation), black population
groups, and health status, specifically obesity and diabetes. In addition, this study demonstrated
the disparity in accessing healthy SNAP retailers for minority and low-income neighborhoods.
This finding also aligns with the literature in that low-income and minority neighborhoods see
higher concentrations of convenience stores and small grocery stores (i.e., corner stores). While
the study demonstrated the racial and socioeconomic disparity, it also demonstrated the role
planning could have in improving food access in the most vulnerable neighborhoods.
Healthy food availability, affordability, and accessibility are part of a complex food
system that has become an emerging subdiscipline in planning which is food systems planning.
(Dharmasena et al., 2016; Soma & Wakefield, 2011). The USDA Supplemental Nutrition
Assistance Program (SNAP) aims to improve food security by providing financial assistance to
income-eligible households that are redeemed at SNAP-authorized retailers. While retailers
apply to be authorized vendors at the federal level, SNAP is administered at the state and local
level for individual and household eligibility. However, every state has its own policy in how
these federal benefits are administered at the local level for individuals and households, which
varies among states (Stacy, Tiehen, & Marquardt, 2018). With states having the autonomy to
administer the people-based component of the program and retailers having the responsibility
to apply to become SNAP vendors for place-based policy aspect, planners can integrate these
parts into a component of food systems planning for community development (Chrisinger,
2015).

130

CHAPTER SIX
SPATIAL MISMATCH in HEALTHY SNAP RETAIL ENVIRONMENT
In 1965, Kain introduced the spatial mismatch hypothesis to describe the racial
discrimination related to geographic isolation in low-skill employment and the housing market.
Since that time, the spatial mismatch hypothesis has been extensively studied and critiqued.
Spatial mismatch has been related to gender and skill bias (Kasarda, Ting, & Policy, 1993; J.
Spencer, 2000). In addition, spatial mismatch has been argued to result from mobility mismatch
or limited transportation, such as lack of vehicle ownership (Kasarda, 1989; B. D. Taylor & Ong,
1995).
J. Spencer (2000) suggested spatial mismatch is attributed to concentrated poverty, and
policies to mitigate poverty have been largely binary—people-based or placed-based. In the
James H Spencer (2007) study on the implementation of the Earned Income Tax Credit (EITC), a
people-based anti-poverty policy, and the Enterprise Zone, a placed-based program, the EITC
contributed a greater investment to poor neighborhoods despite that the EITC is an individual
entitlement. Instead, an integrated, heuristic policy framework may ultimately accomplish the
collective objective in an anti-poverty policy of improving economic opportunities for poor
people (James H Spencer, 2004).
Spatial mismatch describes a condition in community development that highlights a
disconnect of people and place, impacting socioeconomically vulnerable population groups, thus
contributing to disparities. It is the consumer-resource interactions in a spatial context that
contribute to the spatial mismatch hypothesis that connects with population and communitylevel consequences (Kerby, Wilmers, & Post, 2012). Identifying spatial mismatch offers planners
and policymakers an understanding of developing policies to break down spatial discrimination
and geographic isolation equitably. Spatial mismatch has short-term and long-term economic
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consequences in which mobility policies and strategies should promote economic opportunities
in low-resource communities (Li, Campbell, & Fernandez, 2013). Regarding affordable, healthy
food, there are health consequences such as the increased risk of Type 2 diabetes, obesity, and
hypertension. With over 75% of direct healthcare expenditures going toward the treatment of
such chronic diseases, how cities, including neighborhoods, are built contribute to the source of
chronic diseases by creating an environment that does not support healthy behaviors (G.
Anderson & Horvath, 2004; Bauer, Briss, Goodman, & Bowman, 2014; Richard Jackson, 2006; R
Jackson & Kochitzky, 2001).

Spatial Mismatch in Food Access
Spatial mismatch in food access has not been studied in planning research, per se.
Instead, there is a recognized geographic disparity in healthy food access for low-income and
racial minority communities. As such, there has been a focus on examining the food
environment related to community characteristics and its influence on health disparities.

Food Deserts and Food Swamps
Food deserts have been a common term in identifying communities that lack a
supermarket, or full-service grocery store, in predominately low-income neighborhoods (Dutko,
Ver Ploeg, & Farrigan, 2012). Instead, residents must travel further for fresh, healthy foods,
including fresh fruits and vegetables. As such, food deserts have been associated with limited
access to healthy food and, consequentially, increased risk of diet-related conditions such as
diabetes and obesity (Gittelsohn & Trude, 2017). Food deserts contribute to racial and
socioeconomic health disparities since “urban core areas with limited food access are
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characterized by higher levels of racial segregation and greater income inequality” (Ver Ploeg et
al., 2009, p. i).
Unlike food deserts, food swamps define areas with a high concentration of quick food
retailers selling energy-dense foods (high caloric) and junk foods (Cooksey-Stowers et al., 2017).
Food swamps in urban areas often have an abundance of corner stores and convenience stores
where there are also increased sales of alcohol and tobacco products (M. Minkler et al., 2018;
Minkler, Falbe, Lavery, Estrada, & Thayer, 2018). However, like food deserts, food swamps are
often seen in disadvantaged communities (J. E. Fielding & Simon, 2011). As a result, studies
suggest that food swamps are more of a predictor of chronic diseases, including diabetes and
obesity, than food deserts (Cooksey-Stowers et al., 2017; Drewnowski, 2004; Larson, Story, &
Nelson, 2009; Sean C Lucan, Karpyn, & Sherman, 2010).
While seemingly agonistic in definition, food deserts and food swamps share a retail
environment based on the spatial relativeness of food retailers in low-income and racially
segregated areas. Rather, they focus on the availability of healthy versus unhealthy food options
that contribute to diet and diet-related diseases. Yet, the context of the retail food environment
demonstrates a geographic disparity in accessing affordable healthy foods for urban low-income
and minority communities.

Spatial Inequalities and Food Assistance Programs
In food planning, there have been efforts to address food access to increase healthy
food availability. However, limited work has been done to explore the spatial relationship
between food insecurity and food assistance. In terms of community-based food assistance (i.e.,
food pantries and soup kitchens), Waity (2016) found that there is spatial mismatch between
high-poverty rural areas and community-based food assistance programs compared to low133

poverty rural areas and community-based food assistance. However, the opposite was true for
urban areas.
When it comes to accessing social service providers for welfare and other safety net
programs, Allard (2009) addressed the spatial mismatch between those in need and the location
of such services. In other words, residents in low-income communities must travel a further
distance to access social services to apply for welfare (i.e., Temporary Aid for Needy Families
[TANF]) and other public anti-poverty benefits services, suggesting a mismatch between the
supply and demand for social services. While this spatial mismatch has been explored for social
services and community-based food assistance programs, there have been no known studies
examining the spatial mismatch of federal policy addressing food insecurity through the retail
food environment.
While spatial mismatch is recognized and is associated with geographic isolation of
concentrated poverty, it is unknown whether federal policies to increase food affordability
alleviates spatial mismatch to healthy food access or if such spatial mismatch varies by region.
The United States Department of Agriculture (USDA) Supplemental Nutrition Assistance
Program (SNAP) aims to improve food security by providing financial assistance on food
purchases to income-eligible households. SNAP participants redeem their benefits at SNAPauthorized retailers. The USDA assist interested retailers in meeting requirements to be an
authorized SNAP vendor. While income-eligible households turn to their local social services
agency to apply for SNAP benefits, eligible retailers apply to become a SNAP vendor directly to
the federal agency.
However, studies examining spatial inequalities and SNAP have largely focused on the
consumer, or the demand side, of federal anti-poverty benefits. In a study that controls for
poverty, labor market conditions, and population structure, SNAP participation was still
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disproportionately higher in some of the poorest regions of the US, such as the Mississippi
Delta, Central Appalachia, and Texas Borderland (Slack & Myers, 2012).
While there have been no studies to examine the spatial mismatch of the supply and
demand aspects of the federal policy, the USDA released a report on SNAP participation and
geographic access to food. James Mabli (2014) applied a binary measure for access in urban
areas (based on median distance) where high access to a supermarket (including full-service
grocery, superstores, and supermarkets) is equal to or less than 0.6 mile and low access is
distances greater than 0.6 miles. However, the sample for the study did not focus on any
specific geographic region, and the selection was based on household participation survey
responses (geocoded addresses of participants) (James Mabli, 2014). In urban areas, on average,
no SNAP households had a supermarket within a 0.5 but had one supermarket with 0.5 – 1 mile
(James Mabli, 2014). The median distance of urban household survey participants reported
traveling three miles for most of their groceries (James Mabli, 2014).

Spatial Mismatch and SNAP Retail Environment
While there have been studies exploring the spatial inequality of food access, however, there
has not been a study that examined the spatial mismatch of the retail food environment as it
relates to the federal SNAP policy.

Distance to the Nearest SNAP Supermarket
As in previous literature, “food deserts” are defined by a lack of supermarket within a
mile for urban census tracts. The distance was measured using ArcGIS Pro Network Analyst
Tool’s Closest Facility Analysis of driving distances between the centroid of a census tract and
the nearest SNAP supermarket. Figure 6.1 lists the median distances to the nearest SNAP
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Supermarket. The Southeast (1.18 miles) had the longest median distance to the nearest SNAP
supermarket, while the Northeast had the shortest median distance (0.65 miles).

Figure 6.1 Median Distances to the Nearest SNAP Supermarket by Region

While most urban census tracts did not demonstrate a spatial mismatch between high SNAP
participation and nearest SNAP supermarket, the data demonstrated local variations of spatial
inequalities by SNAP participation, race, and ethnicity.
Each census tract was assigned a binary code of high or low based on their population
rates of specific community characteristics, with their state’s rate as the reference value based
on the 2017 5-year estimates from the American Community Survey. For example, census tracts
were coded as high for households participating in SNAP when the rate was higher than the
state’s rate. Table 6.1 lists the aggregated mean distance differences from the centroid of the
census tract to the nearest SNAP supermarket by state and community characteristics. In
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addition to the high and low binary, the mean difference of distances was measured between
low rates of households participating in SNAP and census tracts with rates two times the state’s
rate. Table 6.2 lists the aggregated mean differences of distances by selected cities. Two-tailed
independent t-tests were completed to measure significance.

Region

State

Households
on SNAP

2x
Households
on SNAP

African
American

Asian

Hispanic

Northeast

NY

0.1778*

0.1288*

0.1867*

-0.1508

-0.2325**

Northeast

MA

-0.2334*

-0.3063**

-0.0265

-0.2174*

-0.1867*

Mid-Atlantic
Mid-Atlantic

PA

-0.1527**

-0.2138***

-0.1117*

-0.0580

-0.1306**

VA

-0.1519

-0.2857*

-0.2518

-0.3321

-0.2507

Southeast

GA

-0.1100

-0.0738

-0.0182

-0.2123

0.0152

Southeast

FL

-0.3644***

-0.6012***

-0.0761

0.1470*

-0.3399***

Mid-West

OH

-0.2882***

-0.3347***

-0.1728**

-0.0225

0.1003

Mid-West

IL

-0.2365***

-0.2974***

-0.0463

-0.0367

-0.3008***

Mountain
Plains
Mountain
Plains
Southwest

MO

-0.4058***

-0.6552***

-0.5868***

-0.1267

-0.0519

CO

-0.3209**

-0.3529*

-0.1107

-0.0013

-0.0346

AR

-1.0656*

-1.1947

-0.9696*

-0.4208

-0.7916

Southwest

TX

-0.2229***

-0.1987**

-0.0834

-0.1376*

-0.0888

Southwest

AZ

-0.2412***

-0.2487***

0.01339

0.0478

-0.1347*

West

CA

-0.2073***

-0.2679***

-0.0843**

-0.0970**

-0.1728***

West

WA

-0.1481

-0.2851

-0.0009

0.0182

-0.0234

* p < 0.05
** p < 0.01
*** p < 0.001
Bold- significantly high coded census tracts with longer distances to the nearest SNAP supermarket

Table 6.1 Mean Difference of Distance to Nearest SNAP Supermarket by Selected States
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Region

City

Households
on SNAP

2x
African
Households American
on SNAP

Asian

Hispanic

Northeast

NYC

-0.0118

-0.0168

-0.1323

0.3283

-0.0124

Northeast
Northeast

Worcester,
MA
Syracuse, NY

-0.6458***

-0.6324***

0.3722

-0.3785*

-0.3989

-0.1520

-0.2657

-0.0494

-0.1124

-0.2504

Mid-Atlantic

Scranton, PA

-0.5781*

-0.6139

0.4225

-0.0669

-0.7088***

Mid-Atlantic

Baltimore, MD

0.6744

0.6543

0.0259

-0.1701

0.6198***

Mid-Atlantic

DC

0.0186

0.0528

0.4803***

-0.3999***

Southeast

0.3859

0.7021*

0.4194

Southeast

Fayetteville,
NC
Atlanta, GA

0.3962***
-0.5358*

0.1155

0.1198

0.2358

-0.2447

-0.1132

Southeast

Nashville, TN

-0.3964*

-0.3246

-0.0727

0.06289

-0.0779

Southeast

Orlando, FL

-0.5432

-0.6118

-0.1556

0.1544

0.4004

Southeast

Jackson, MS

0.1578

-0.1447

0.9859

0.6106

0.0789

Southeast

Mobile, AL

-0.0669

-0.2057

-0.0396

-0.0764

0.0893

Mid-West

Flint, MIt

(1.2285)

-

0.5553

-

0.0001

Mid-West

Minneapolis

-0.1473

-0.1706

-0.1219

-0.0054

-0.1092

Mid-West

Chicago

0.1150**

0.1304**

0.2336***

-0.0671

Mountain
Plains
Mountain
Plains
Southwest

Springfield,
MO
Wichita, KS

-0.2521

-0.5267

-0.5300

0.1356***
-0.1029

-0.2187

-0.1893

-0.0426

0.1878

-0.2379

0.2475

0.4781

0.2813

-0.4197

-0.1922

Southwest

Baton Rouge,
LA
San Antonio

-0.1377

-0.1806

-0.1085

0.2849

0.6030**

Southwest

Phoenix

-0.2014**

-0.2201*

-0.0319

0.1014

-0.1237

West

Los Angeles

-0.0306

-0.0177

-0.0242

-0.0921

0.0291

West

Fresno, CA

-0.0366

-0.0853

-0.1568

0.3711*

-0.0028

West

Seattle

0.3908***

0.0442

0.2805*
0.3468**

0.1760
0.2700*

0.4652*

West

Portland, OR

0.0592

-0.0715

0.1461

0.1157

0.2553*

-0.2559

-0.4038

* p < 0.05
** p < 0.01
*** p < 0.001
t
Flint, Michigan did not contain census tracts with low rates of SNAP participation and Asian population
groups
Bold- significantly high coded census tracts with longer distances to the nearest SNAP supermarket

Table 6.2 Mean Difference of Distance to Nearest SNAP Supermarket by Selected Cities
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Positive values in Tables 6.1 and 6.2 indicate longer distances for census tracts coded
high. Most of the selected states and cities in Tables 6.1 and 6.2, respectively, have negative
mean differences, indicating shorter distances to the nearest SNAP supermarket. Of the states,
New York was the only state that had census tracts with high SNAP participation have longer
mean distances to the nearest SNAP supermarket. New York also had census tracts of higher
populations of African Americans, having significantly longer mean distances to the nearest
SNAP supermarket.
At the city level, Table 6.2 lists cities of varying sizes and the mean differences to the
nearest SNAP supermarket varying racial characteristics. Chicago and Seattle had census tracts
with high SNAP participation having to travel longer distances. In addition, Seattle census tracts
had spatial inequality among racial/ethnic groups. Census tracts with higher populations of
African Americans, Hispanics, and Asians (two times the state population rate) had to travel
significantly to the nearest SNAP supermarket. Fayetteville, North Carolina census tracts with
two times the state’s rate of SNAP participation had longer mean distances. Further, San
Antonio, Texas, and Portland, Oregon saw census tracts with higher Hispanic populations having
longer distances to the nearest SNAP supermarket.
While it cannot be generalized that there is spatial mismatch between high minority or
SNAP participation census tracts to the nearest SNAP supermarket, there is evidence of such
spatial inequalities at a smaller scale or local level. However, it is important to note that access
to a supermarket is not necessarily a predictor of diet-related conditions such as obesity and
diabetes. Instead, the concentration of unhealthy retailers seems to be a stronger predictor of
such chronic diseases.
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Spatial Differences in Densities of Healthy and Unhealthy SNAP Retailers
In analyzing spatial differences between densities of unhealthy and healthy SNAP
retailers, raster maps were compared for similarity. Each SNAP retail location was identified as
data points, and these points have categorical values. Kernel density estimates were determined
at three Euclidian distance neighborhoods, 1/2 -mile, 1-mile, and 2-mile radius distances for
unhealthy SNAP retail and healthy SNAP retail. The analysis produced raster maps. Each
corresponding pair of maps (i.e., 1-mile Unhealthy SNAP retail and 1-mile Healthy SNAP retail)
was compared for similarity by calculating the Jaccard Index. The Jaccard Index is determined by
taking the intersection of both raster maps divided by the union of both raster maps (Jaccard,
1901).
𝐽𝐽𝐴𝐴𝐴𝐴 =

𝐴𝐴 ∩ 𝐵𝐵
𝐴𝐴 ∪ 𝐵𝐵

A represents an unhealthy kernel density raster map, and B represents a healthy kernel
density raster map. JAB is the Jaccard Index. The formula works on this binary data set, whereas
each digit uses Boolean algebra. The intersection is equivalent to AND, A U B is true if both are
true (1) while the union is equivalent to OR, A∩B is false if both false (0). The Jaccard Distance
(dAB) measures the dissimilarity between sets and is determined by subtracting the Jaccard Index
from 1. Table 2 displays the values for calculating the Jaccard Index and Jaccard Distance. The
significance of values will be determined using the Real (1999) Table of significant values for
Jaccard Index for similarity. Applying the Jaccard Index and Jaccard Distance will address
whether there is spatial mismatch (Jaccard, 1901).
d𝐴𝐴𝐴𝐴 = 1 − 𝐽𝐽𝐴𝐴𝐴𝐴 = 1 −

𝐴𝐴 ∩ 𝐵𝐵
𝐴𝐴 ∪ 𝐵𝐵

There are two sets of analyses. The first being an unweighted such that Jaccard Index
and Distance analysis focused only on the distance between healthy and unhealthy SNAP
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retailers. The second set of analyses applied a weighted population of the percent of households
in SNAP participation by census tract associated for each SNAP retailer. This required a spatial
join, and during the kernel density analysis, the raster maps were weighted accordingly.

Spatial Mismatch in Atlanta
Kernel Density cluster analyses were performed to produce the raster maps to compare
for similarity and dissimilarity. Cell output size used to measure neighboring distance was
determined based on the initial raster maps and was set for each raster map at 420. Kernel
Density analysis determines the density of a feature, in this case, SNAP retailers, where the
value is highest at the location of the point. This value then decreases from that point to the
specified Euclidian radius distance until there is zero.

Unweighted Analysis: Given the output raster cell size were equal in all Kernel Density raster
maps, we can compare how the unhealthy SNAP retailer and healthy SNAP retailers differ. At
the ½ mile Euclidian distance, the density values were similar, but the density for unhealthy
SNAP retailers was located more south and west than the healthy SNAP retailers. However, at
the 1- and 2-mile kernel density maps, the density values nearly doubled for unhealthy SNAP
retailers than healthy SNAP retailers. This suggests that unhealthy SNAP retailers (i.e.,
convenience stores, Dollar stores, etc.) tend to cluster more in urban neighborhoods. Figures
6.2-6.4 compare the maps at the different Euclidian distances.
The unhealthy and healthy SNAP retailer density maps were the most similar at the 1and 2-mile search radius at 71% and 86%, respectively (Table 6.3). Regarding spatial difference,
or dissimilarity, between unhealthy and healthy SNAP retailers, the largest distance difference
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between unhealthy and healthy SNAP retailers was at the ½-mile density Euclidian search area
at 54%.

Intersection
Union
Jaccard Index
Jaccard Distance

½ mile
12851
27966
0.45952
0.54048

1-mile
34904
49504
0.70507
0.29493

2-mile
58337
67657
0.86224
0.13776

Table 6.3 Intersection and Union in which Binary values = 1 and the corresponding
Jaccard Index and Distance values
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Figure 6.2 Unweighted Kernel Density, Intersection and Union raster maps at 1/2-mile Euclidian search area
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Figure 6.3 Unweighted Kernel Density, Intersection and Union raster maps at 1-mile Euclidian search area
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Figure 6.4 Unweighted Kernel Density, Intersection and Union raster maps at 2-mile Euclidian search area
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Weighted Analysis: The weighted Kernel Density factors the rate of households participating in
SNAP at the census tract level where the SNAP retailer is located. At the half-mile radius, the
density was over 50% higher in the Unhealthy SNAP Retailer map compared to the Healthy SNAP
Retailer map. This suggests more SNAP participation in neighborhoods with unhealthy SNAPauthorized retailers (i.e., convenience stores, dollar stores, etc.). At the one-mile radius, this
density difference more than doubles. Lastly, at the 2-mile radius, the difference more than
triples. Figures 6.5-6.7 detail the weighted Kernel Density, Intersection, and Union maps at the
different Euclidian search distances.
The Jaccard Index for similarity shows the most similarity at 2-mile with 86%. However,
the greatest distance, the measure for dissimilarity, or spatial mismatch, was found at the ½
mile radius. Table 6.4 lists the Binary values = 1 in Intersection and Union between the paired
maps. From there, the Jaccard Index and Jaccard Distance were then calculated for each
Euclidian search distance.

Intersection
Union
Jaccard Index
Jaccard Distance

½ mile
12448
27445
0.45356
0.54644

1-mile
34243
48310
0.70882
0.29118

2-mile
57592
66891
0.86098
0.13902

Table 6.4 Weighted Intersection and Union in which Binary values = 1 and the
corresponding Jaccard Index and Distance values
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Figure 6.5 Weighted Kernel Density, Intersection and Union raster maps at 1/2-mile Euclidian search area
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Figure 6.6 Weighted Kernel Density, Intersection and Union raster maps at 1-mile Euclidian search area
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Figure 6.7 Weighted Kernel Density, Intersection and Union raster maps at 2-mile Euclidian search area
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Implications Addressing Spatial Mismatch and Access Disparities in Planning and Policy
The federal SNAP policy provides financial assistance for income-eligible households to
purchase food at SNAP-authorized retailers. While states administer SNAP benefits to
consumers, the USDA processes retail applications and redemptions with no state or local
influence. Thus, states and local agencies are not engaged in supporting or recruiting retailers to
become SNAP-authorized vendors.
The current SNAP policy has allowed states and local areas administrative discretion for
consumer/household eligibility, outreach efforts, and program costs, but not the amount of
allocation (Stacy, 2018). However, the SNAP policy at the federal level administers vendor, or
retailer, the eligibility and redemption process but does not differentiate local level variations of
affordability, accessibility, and availability. This difference in administration between retailer
and consumer is worth exploring and may contribute to the disparities in food access.
Most studies examining geographic variations of SNAP focus on participation and
consumer behaviors. Slack and Myers (2012) asked whether place-based characteristics have a
significant influence on local SNAP participation. Simultaneously, state-level and local-level
variations in human capital, poverty, unemployment, and population context, high-poverty
regions (i.e., Appalachia, the Delta, and the Borderland) continue to have high reliance to SNAP.
During the Great Recession, geographies of SNAP participation shifted to areas with high home
foreclosures and high unemployment, areas not known for high SNAP participation (Slack &
Myers, 2014). Given the local SNAP participation variations in times of economic crisis, there are
several public policy implications for regionally- or locally-focused strategies in targeted
outreach and SNAP investments (Slack & Myers, 2014).
Spatial mismatch has largely focused on the distance disparity between where low-skill
workers reside and where low-skill employers are located in urban areas (Ihlanfeldt, 1994). This
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study applied the concept to the siting of the federal Supplemental Nutrition Assistance
Program (SNAP) by examining the spatial difference of where participating households reside
and where SNAP-authorized retailers are located. This study demonstrated local-level spatial
variations of SNAP retailers in different areas of the United States.
While SNAP aims to improve household food security by increasing their food
purchasing power, there has been interest in its relationship to healthy food affordability and
availability. Food deserts have been known to be areas that lack a supermarket in
predominately low-income neighborhoods. Instead, low-income households in these areas
either turn to small retail stores or travel a longer distance to a supermarket (T. Dubowitz et al.,
2015; Ghosh-Dastidar et al., 2014). Placing supermarkets in areas of food deserts does not make
a difference in diet quality and BMI (Cummins, Flint, & Matthews, 2014; Tamara Dubowitz et al.,
2015; Ghosh-Dastidar et al., 2014). However, one study contradicts this inference. Richardson et
al. (2017) found improved economic well-being and reduced rates of high cholesterol and
diabetes prevalence after placing a full-service supermarket in a low-income food desert. This
reinforces the geographic differences in food access, and a blanket federal policy does not have
the same implications at the local level.
Often, these smaller stores in urban areas offer higher-priced food items and lack
healthy food options (Caspi, Pelletier, et al., 2017). In this study, unhealthy SNAP retailer density
was highest in neighborhoods with the highest rate of households participating in SNAP. Thus,
this study's findings suggest a spatial mismatch between healthy SNAP retailers and households
participating in SNAP. While SNAP participants largely redeem their benefits at supermarkets,
the rate is lower than those who are within a block of a supermarket (Schwartz et al., 2018). In
terms of food purchasing power, the value of SNAP benefits may not be adequate in some
regions due to varying staple food prices (Davis, You, & Yang, 2020; Q. Li & Çakır, 2020). With
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the travel costs and the amount of SNAP redemption, it is unknown if the tradeoff is worth the
benefit.
This study reinforces the relevance of spatial mismatch. J. Spencer (2000) explained the
significance of geographic isolation as the determinant of unemployment and suggests that this
geographic isolation of concentrated poverty has further implications for other anti-poverty
programs and policies. In terms of food systems planning, this study examined the relationship
between local-level food access and federal policy. Planners can explore various strategies to
increase the affordability and availability of healthy food options in low-income urban
neighborhoods, such as financial incentives for retailers and urban agriculture policies. Since
retailers apply to become SNAP retailers at the federal level, local planners can support small
markets to meet the criteria to become SNAP vendors. The federal SNAP policy is an example of
an individual-focused anti-poverty effort to increase purchasing power for food. Yet, the retailer
siting influences purchasing behaviors and geographic isolation can inhibit access to affordable
healthy options. Federal policies often focus on people– or place-based interventions to address
poverty-related issues, yet, both should be complementary (James H Spencer, 2004).
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CHAPTER SEVEN
REGIONAL DIFFERENCES in HEALTH and the SNAP RETAIL ENVIRONMENT
Introduction
Food systems planning is an emerging discipline in urban planning. While food systems
planning is a broad term, its emergence comes when the link between food and health can
contribute to long-term consequences like obesity and diabetes. There have been many studies
on the individual behaviors that contribute to such chronic diseases that have cost nearly $474
billion in healthcare costs each year (CDC, 2021). In the early 2000s, R Jackson and Kochitzky
(2001) suggested the built and natural environments influenced health risk behavior such that
land-use decisions affect how humans behave and interact. Since then, the healthy community
movement progressed with increased investments in research and policy and environmental
changes to support healthy behaviors. However, Pothukuchi and Kaufman (1999) have raised
awareness in placing food systems in urban planning as the institution has largely been seen as
part of the rural or agricultural infrastructure. Yet, with increasing awareness and concern
around affordable, healthy food access and food insecurity, and with the high rates of dietrelated diseases and increasing healthcare burden costs, integrating food systems in urban
planning has been a growing interest.
There have been several studies that explored the relationship between the food retail
environment and health. Increased rates of obesity have been associated with poor quality and
higher combinations of the grocery and other stores in socially disadvantaged neighborhoods (P.
B. Ford & Dzewaltowski, 2008; Gorski Findling, Wolfson, Rimm, & Bleich, 2018). Similarly, Type
2 diabetes prevalence has been associated with greater access to unhealthy food retailers
(Babey S.H., 2008; Mezuk et al., 2016). While there has been much attention on the role of
“food deserts,” or the lack of a supermarket in a low-income community, in influencing health
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behaviors, some studies are suggesting that the density of unhealthy retailers may be a better
predictor of obesity (Cooksey-Stowers et al., 2017).
Rates of obesity and diabetes differ regionally. The Diabetes Belt identifies the highest
prevalence of Type 2 diabetes in the United States and mostly includes 15 Southern states
(Barker et al., 2011). The highest obesity rates in the United States follow a similar geographic
pattern as the Diabetes Belt. However, in addition to the South, the Midwest had the highest
obesity prevalence (Y. Wang et al., 2020). While multiple factors contribute to obesity and
diabetes risk, such as a sedentary lifestyle, diet is a significant risk factor. The retail food
environment can influence consumption behavior.
The USDA SNAP policy is a federal program aimed at improving food security for eligible
households through financial assistance. However, the financial incentives can only be
redeemed at stores authorized to accept SNAP benefits. While states have the autonomy to
modify eligibility requirements for consumers, there is no regional, state, or local autonomy for
retailer eligibility, and retailer applications are all processed at the federal level. Most SNAP
studies often focus on the consumer side, but less address the SNAP retailer perspective,
specifically the SNAP retail environment. However, there is limited understanding of regional
differences between the SNAP retail environment and health.

Regional Differences by Food Costs
The state’s autonomy for consumer eligibility factors the varying financial needs that
may differ from state to state. The current SNAP policy has allowed states and local areas
administrative discretion for consumer/household eligibility, outreach efforts, and program
costs, but not the amount of allocation (Stacy, 2018). Food prices vary by region and by food
categories. In a study that examined the food prices at the four major US regions, the South
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region averaged 8% below the national food price average, followed by the Midwest at 5%
below the national food price average (Leibtag, 2007). However, the East and West regions have
the highest average food prices at 8% and 11%, respectively, above the national food price
average (Leibtag, 2007). When examining the costs of healthy foods, there are also regional
differences. There have been mixed findings in the costs of healthy foods versus unhealthy
foods. The type of healthy foods and the geographic location of different types of healthy foods
may contribute to these discrepancies. Whole grains are more expensive than refined grains,
from 23% higher to more than 60%. The largest geographic price variation of healthy foods were
whole grains, fresh and frozen dark greens, low-fat milk, and fruit juice (Todd, Leibtag, &
Penberthy, 2011). It is also important to consider the regional differences in costs of nonfood
items as this may contribute less disposable funds for food, thus influencing household food
budgets (Ismail, Ver Ploeg, Chomitz, & Wilde, 2020).
The amount of SNAP benefits eligible households receive depends on several criteria,
including income, assets, rent/mortgage, etc. In terms of food purchasing power, the value of
SNAP benefits may not be adequate in some regions due to varying staple food prices (Davis et
al., 2020; Q. Li & Çakır, 2020). With the travel costs and the amount of SNAP redemption, it is
unknown if the tradeoff is worth the benefit.

Differences by Racial/Ethnic Food Purchasing Behaviors
Urban areas in the United States are diverse racially and ethnically. The composition of
the racial and ethnic groups varies in cities, including regions in the United States. As a result, it
is common for such diversity to have culturally related food preferences. While non-Hispanic
Whites make up most American residents, Hispanics represent 18.5% of the population,
followed by African Americans and Asians at 12.2% and 5.6%, respectively (Bureau, 2020)
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However, these proportions differ among states and regions. For example, California has about
40% Hispanics and 15% Asians, while Maryland has about 30% African Americans (Census,
2020).
While households largely purchase their groceries at grocery stores followed by big box
stores (i.e., Target and Wal-Mart), SNAP households purchase more energy-dense foods,
including starchy vegetables, processed meats, desserts, and sugar-sweetened beverages
compared to income-eligible and higher-income non-SNAP participants (Taillie, Grummon, &
Miles, 2018). However, studies have shown that food purchasing behaviors differ by race and
ethnicity. African-Americans were significantly more likely to purchase processed meats, sugarsweetened beverages, calories, and sodium compared to Whites (Grummon & Taillie, 2018). In
addition, non-Hispanic African American households were significantly more likely to purchase
energy-dense, high sugar, and high sodium foods compared to non-Hispanic White and Hispanic
households (Stern et al., 2016).
Although dietary acculturation is not the focus of this study, it is worth exploring when it
comes to food purchasing behavior. Acculturation from Latinos contributed to unhealthy diet
and higher obesity (Abraído-Lanza, Chao, & Flórez, 2005). Gender differences in dietary behavior
demonstrated that Korean immigrant men were more likely to consume a more American diet
resulting in higher rates of overweight and obesity (Jasti, Lee, & Doak, 2011). However,
immigrant enclaves in US cities, which often have ethnic food stores, have higher availability of
healthy foods (Osypuk, Diez Roux, Hadley, & Kandula, 2009). With differing racial and ethnic
compositions in cities and often concentrated ethnic population groups in neighborhoods,
ethnic markets are common to meet the dietary preferences for different demographic groups.
The federal processing for SNAP applications of food retailers does not factor in locallevel cultural food preferences. However, unlike SNAP, the USDA Women, Infant, and Children
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Nutrition Program (WIC) has revised the food package to reflect cultural eating patterns
(Pomeranz & Chriqui, 2015). While the SNAP policy at the federal level administers vendor, or
retailer, the eligibility and redemption process, it does not differentiate local level variations of
affordability, accessibility, and availability. This difference in administration between retailer
and consumer is worth exploring and may contribute to the disparities in food access.

Regional Differences in Health, SNAP Participation, and Urbanicity
In this study, only the contiguous United States and District of Columbia were included.
States were assigned to a region based on the United States Department of Agriculture (USDA)
Food and Nutrition Services, which is identified in Figure 7.1.

Figure 7.1 USDA Food and Nutrition Services Federal Regions
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Obesity and diabetes rates vary by geographic area. For example, the South and MidWest have the highest obesity rates compared to other regions of the country (Sung &
Etemadifar, 2019; Y. Wang et al., 2020). Figure 7.2 lists the average rates of obesity and
diabetes and the average household participation rate in SNAP. Obesity and diabetes rates
were highest in the Midwest, with the average rates at 36.6% and 12.79%, respectively. The
lowest obesity rates were in the West at 26.1%, and the lowest diabetes rates were in Mountain
Plains at 9.42%. In addition to the Midwest’s high rates of obesity, the region also had the
highest rate of SNAP participation. However, the West region had the lowest rate of SNAP
participation at 13.4%, along with the lowest obesity rates.

Figure 7.2 Average rates of obesity, diabetes, and SNAP participation by region
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Model selection using best subset regression was performed for each region. Figure 10
identifies the selected significant predictor variables for each region with obesity rates as the
dependent variable. Increasing rates of the black population, no high school diplomas, and
households participating in SNAP were associated with increased rates of obesity for all regions.
The inverse relationship was seen among decreasing median household income, rate of renteroccupied housing, and population density (POP_SQMI) in all regions. It is worth noting that for
the Hispanic population, the Southwest and the Mountain Plains had opposite relationships with
obesity rates. Increasing rates of Hispanic population were associated with increasing obesity
rates in the Southwest, while the inverse was true for the Mountain Plains. Lastly, the Mountain
Plains region was the only region that included the social vulnerability index as a significant
predictor variable in the best model selection.

Figure 7.3 Best subset models by region with obesity rates as outcome variable and coefficients of
predictor variables
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Model 1= New England
Model 2= Mid-Atlantic
Model 3= Southeast
Model 4= Midwest
Model 5= Southwest
Model 6= Mountain Plains
Model 7= West
The best subset regression models for diabetes rates as the outcome variable varied by
region. Figure 7.4 lists the predictor variables that were significant in each region. Each model
included the percent of Blacks, median household income, renter occupancy rates. However,
higher rates of Hispanics were related to higher diabetes rates in the Southwest and the MidAtlantic regions. However, the percent of Asians had a direct relationship with diabetes rates in
the West region, but an inverse relationship in the Southeast. Unlike the obesity models, the
SNAP retail environment was associated with diabetes rates in a couple of regions. Higher rates
of unhealthy SNAP density yielded higher rates of diabetes in the Southeast and Southwest
urban census tracts. Further, the Mountain Plains found higher SNAP retailer rates (number of
SNAP retailers based on the total number of eligible retailers) related to higher diabetes rates.

160

Figure 7.4 Best subset models by region with diabetes rates as outcome and coefficients of predictor
variables

Model 1= New England
Model 2= Mid-Atlantic
Model 3= Southeast
Model 4= Midwest
Model 5= Southwest
Model 6= Mountain Plains
Model 7= West
Regional Differences in the SNAP Retail Environment
Unhealthy SNAP Retailer Density
Unhealthy SNAP retailer density measures unhealthy SNAP retailers per household
participating in SNAP in a census tract. This measure is a way to assess the unhealthy retail
environment but with focus on retailers accepting SNAP benefits. Initially, multivariate linear
regression analysis was performed, but the resulting models were poor, with the adjusted Rsquare being less than 10%. After testing the assumptions for linear regressions and performing
161

Box Cox variable transformations, the models did not improve. Therefore, the dependent
variable was converted into a binary value such that 0 equals census tracts with no unhealthy
SNAP retailers, while 1 equals census tract with one or more unhealthy SNAP retailers. Given the
binary dependent variable, logistic regression analyses were performed.
The “bestglm” function performs an exhaustive stepwise regression using the binomial
family to determine the best model. During this analysis, the best models were selected based
on the lowest BIC values. With the bias in the binary variable, it was not feasible to perform an
analysis for each region. After performing a full model, region was forced into the “bestglm”
function as a dummy variable. The lowest BIC models are included below (Table 7.1)
Variable
Coefficient
Percent Black
Percent Hispanic
Percent Asian
Median Household Income
-0.000024***
Percent Poverty
-0.009751*
Percent Household on SNAP
0.03054***
Percent No Diploma
Population Density
Renter Rate
-0.007994***
Segregation Index
0.7235***
SVI
Mid-West
-0.4248**
Mountain Plains
-0.7135***
Northeast
0.2822
Southeast
-0.3521*
Southwest
-0.3238*
West
-0.1755
* = p<0.05 **=p<0.01 ***= p<0.001

Table 7.1 Coefficients from the best model for unhealthy SNAP density based on the lowest BIC value

Having an unhealthy SNAP retailer was associated with increased segregation and
households participating in SNAP and with decreased median household incomes, rate of
renters, and poverty. By regions, the Mid-Atlantic was the reference dummy variable. Therefore,
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Mid-West, Mountain Plains, Southeast, and Southwest regions were significantly less likely to
have at least one unhealthy SNAP retailer in census tracts.

Distance to Nearest SNAP Supermarket
Spatial mismatch was measured by taking the distance (km) from the centroid of a
census tract to the closest SNAP supermarket. With the distance of mismatch as the dependent
variable, multivariate regression analysis was performed by region and which resulted in models
violating some assumptions for linear regression. Residual diagnostic plots showed outliers and
heteroskedasticity. After performing an outlier analysis to remove outliers, I performed variable
transformation using Box Cox Transformation, which addressed non-normality and non-linearity
through power transformation (Box & Cox, 1964; Ripley et al., 2013). Best model selection was
determined based on the lowest BIC after performing a leaps package in R (Hastie, Tibshirani, &
Friedman, 2009; Lumley, 2013). Table 7.2 identifies the coefficients of selected variables for
each region using the lowest BIC for model selection.
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Dependent Variable: Distance to nearest SNAP Supermarket
Independent Variables
Northeast
Mid-Atlantic
Southeast
Segregation Index
Percent of Blacks
Percent of Hispanics
Percent of Asians
Percent below Poverty
Percent of Households
on SNAP
Population Density
Renter Rate
Residual Standard Error
Adjusted R square
* = p<0.05 **=p<0.01

0.01411***
0.01250**

Mid-West
0.03153
0.00455

Mountain
Plains

Southwest

West

0.02144***
0.02267***
0.02432***
0.00860

0.01616***
0.01292***
0.00876**

0.01612***
0.01292***
0.00876**

-0.00102***
-0.00209***

-0.00684***
-0.04708***

-0.000008***
-0.00159***

-0.01951***
-0.05341***

-0.01229***
-0.02904***

-0.01823***
-0.0308***

-0.01257***
-0.03333***

-0.00684***
-0.04708***

0.23
0.25
***= p<0.001

0.22
0.27

0.24
0.26

0.23
0.23

0.22
0.22

0.25
0.21

0.23
0.25

0.02940***

0.02306**
-0.03650***

Table 7.2 Coefficients from the best model for distance to the nearest SNAP supermarket by region
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In all regions, the nearest SNAP-authorized supermarket's distance increased when
population density and rate of renter-occupied housing decreased. In terms of race and
ethnicity, population rates of Blacks and Hispanics increased with increased distance in all
regions except for the Mid-Atlantic and Midwest for Hispanic populations. In the Mid-Atlantic
region, the inverse relationship was demonstrated for Black and Hispanic populations. For the
Northeast, Southwest, and West regions, increased distances were significantly related to
increased populations of Asians. Lastly, in the Mid-West region, increased poverty rates were
significantly related to increased distances to the nearest SNAP-authorized supermarket.
However, the inverse occurred with rate of households participating in SNAP.

Discussion on Regional Differences
This study demonstrated regional differences in the urban SNAP retail environment and
health status. These regional differences were further highlighted when examining racial/ethnic
disparities. While SNAP is administered at the state level for consumer eligibility, retailer
applications and authorizations are processed at the federal level. Therefore, retailer SNAP
authorization does not factor local level food access; rather, retailers interested in being a SNAP
vendor apply to the USDA.
The role of SNAP is to improve food security for households as the policy is the largest
anti-hunger program in the United States. However, much focus has been the consumer
benefits to increase their purchasing power of power, and in the fiscal year 2018, the United
States spent about $60.9 billion to assist eligible households (USDA, 2019). Yet, diet-related
diseases, specifically obesity and diabetes, contribute to the leading causes of deaths and costs
nearly $474 billion in healthcare costs and lost productivity (CDC, 2021). Obesity and diabetes
are disproportionately higher among low-income households and African Americans. However,
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such racial and ethnic disparities vary by region. Understanding that the retail food environment
influences food purchasing behavior, one can assume that the retail food environment differs
among regions as the racial and ethnic demographics vary. However, no known study examines
the regional differences of the SNAP retail environment.
Current SNAP policy requires retailers to meet stocking criteria of staple foods. Despite
the federal monitoring of SNAP-authorized retailers, stocking patterns in small stores vary
among states, specifically the SNAP-required staple foods (Powell et al., 2019). Unlike WIC, that
factors cultural differences in food purchasing behavior, such adaptation does not exist. Given
the racial/ethnic and other culturally related food preferences, small specialty stores, including
ethnic food markets, would need to apply to be a SNAP vendor. Yet, this may be difficult for
small stores as they would need to meet the stocking and technology criteria which they may
not have the resources to meet, unlike larger, national chain stores (Powell et al., 2019; Ross,
Krishnan, Ruggiero, Kerrigan, & Gittelsohn, 2018). While ethnic markets as SNAP retailers were
not examined closely in this study, there was a remarkable representation of Hispanic markets.
In this study, in a simple filter of SNAP retailers that included the names of “carniceria” or
“mercado,” there were over 400 and 300 stores, respectively. With this understanding, localized
ethnic markets can increase healthy, affordable food while meeting cultural food preferences at
the local level.
Urban planning is an interdisciplinary field employing political and technical processes in
the development and design of land use and the built environment concerning critical
infrastructure (e.g., transportation and communication networks), air and water quality, human
settlements, economic development, and social programming (McGill University, 2020). The
primary concern for planning professionals is public welfare with a historical Marxist view of
planning as supporting basic needs of food and shelter (N. Taylor, 1998). Since planning is an
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interdisciplinary profession focusing on maximizing health, safety, and economic wellbeing,
addressing food access and security aligns with the mission of planning.
Local-level urban planning understands the demographic and economic context in their
communities. Despite the decades of urban planning, food systems have been absent, and its
only garnered attention in the planning profession in the early 21st century (Pothukuchi &
Kaufman, 2000; Soma & Wakefield, 2011). There is much the planning profession has yet to
contribute to addressing food access and food security, given that food issues are embedded in
the lives of every community resident and food is a very important part of the local economy
and employment, while also having significant health implications (Pothukuchi & Kaufman,
1999, 2000).
The SNAP policy combines assisting eligible residents in improving their food security
with redeeming benefits at SNAP-authorized retailers. Increasing food purchasing power allows
money to be freed up for non-food purchases, thus providing a spillover effect from the SNAP
policy (Kim, 2016). For every $1 spent on SNAP, $1.79 is added to the economy (Hanson, 2010).
Integrating food systems, specifically examining the role of SNAP, in local policy and municipality
planning community demonstrates the potential of urban planning in optimizing local economic
development while improving community health.
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CHAPTER EIGHT
CONCLUDING THOUGHTS: The Role of Urban Planning and SNAP Retail Environment in
Community Development
Urban planning is an interdisciplinary field employing political and technical processes in
the development and design of land use and the built environment concerning critical
infrastructure (e.g., transportation and communication networks), air and water quality, human
settlements, economic development, and social programming (McGill University, 2020). The
primary concern for planning professionals is public welfare with a historical Marxist view of
planning as supporting basic needs of food and shelter (N. Taylor, 1998). The profession is
relatively new and evolved following World War II to address housing and economic
development. However, the planning field is not new and has its roots in public administration,
public health, and architecture.
The United States is facing a crisis with obesity and diabetes, which their healthcare
costs contributing to about 17% of the nation’s gross domestic product. Addressing the obesity
epidemic has largely been an effort from the public health field. In the literature, urban lowincome and minority neighborhoods see concentrations of retailers selling higher proportions of
energy-dense foods such as convenience stores and small grocery stores. Yet, residents in these
neighborhoods often must travel further away to reach a supermarket. Low-income and
minority residents, especially those making food purchasing decisions for their families, desire
healthy foods but may be limited by affordability, availability, and accessibility (Cotter, Teixeira,
Bontrager, Horton, & Soriano, 2017; Tobey, Koenig, Brown, & Manore, 2016). Given the
interdisciplinary nature of the planning profession and the profession's mission, there is a link
between public health and planning. Planning theories aim to guide problem-solving in
communities.
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One of the earliest theories, comprehensive planning, also known as rational planning,
identifies goals and objectives addressing population growth, land uses, recreation, utilities, and
housing, with alternative outcomes being thoroughly assessed (Altshuler, 1965; Lindblom,
1959). Comprehensive planning is an ongoing activity and regularly requires review and
updating and is a standard practice today for almost every city and county in the United States.
While comprehensive plans are standard, every state and local governments have some
autonomy in including elements beyond what is required. Unfortunately, health and food
systems are not required, but there are some cities and municipalities that do incorporate them
in their comprehensive plans.

Making the Social Case to Involve Food Systems in Planning
Aside from the Howard’s Garden Cities movement in the early 20th century, the
integration of food in planning practice has been largely absent (Cabannes & Marocchino, 2018;
Howard & Osborn, 1946; Pothukuchi & Kaufman, 2000). Despite the decades of city and regional
planning, food systems have only garnered attention in the planning profession in the early 21st
century (Pothukuchi & Kaufman, 2000; Soma & Wakefield, 2011). While it is in its infancy stage,
there is much the planning profession has yet to contribute to addressing food access and food
security. There are several reasons food systems and food planning have been absent in
planning. Pothukuchi and Kaufman (2000) identified several reasons for planners’ lack of
involvement. A food system is a social issue and does not involve physical development or land
use issues. Food retailers are grouped under commercial retail, and therefore food systems are
driven by the private market. Food systems involve agriculture, and that is a rural issue, not
urban. Also, planning agencies are not funded to address food systems. To delve into these
reasons more closely, understanding what the food system encompasses provides a framework
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for the comprehensiveness of the food system, including the natural resources and societal
elements. Figure 8.1 details the Food and Agriculture Organization (FAO) Food System Wheel
with the cross-cutting sectors contributing to food systems. The FAO Food System Wheel
suggests a comprehensive and interdisciplinary understanding of the contributions to and
impacts within a food system. It includes the elements supporting food production (the natural
elements), the regulations, institutions and infrastructure allowing food production, and the
socioeconomic and health impact of food systems such as food security.

Figure 8.1 Food System Wheel
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Food Systems as a Social Issue with Land Use Implications
The origins of planning stemmed from social or health issues, more specifically, housing.
As a result, planning strategies to address crowdedness and infectious diseases included zoning
and housing codes. According to the American Planning Association, planning, as a profession,
aims “to maximize the health, safety, and economic well-being of all people living in our
communities” (APA, 2020). Given that food issues are embedded in the lives of every
community resident and food is a very important part of the local economy, including
employment opportunities, while also having significant health implications. As planners
recognize air, water, and shelter as essentials in life, food, an element necessary for human
survival, should have as much importance as the need for clean air, drinkable water, and
adequate housing. Similarly, just as affordable housing is a pressing social issue in urban and
regional planning, affordable, accessible healthy food has been a desire among low-income
households.
Social issues have land-use implications. Social issues are concerns related to the quality
of life, such as housing, recreation, crime, and education. Food access and security, as a social
issue, align with the demands of the quality of life. Food access and availability are areas of
concern related to where residents can purchase food and how residents get to places to
purchase food—addressing the “where” and “how” involves addressing land uses related to
places and mobility. Places can include commercial retail, community open spaces for gardens,
and temporary use spaces such as farmers’ markets or open carts/markets. The mobility
involves the transport of food and people to the market or retail spaces. Mobility often refers to
the transport mechanism of either getting people to food or getting food to people.
Transportation of persons and goods is an instrumental role of planners. Poor public transit has
often been cited as a barrier to accessing healthy foods (D'Angelo, Suratkar, Song, Stauffer, &
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Gittelsohn, 2011; Widener et al., 2017; Wiig & Smith, 2009). Whether it be part of the food
supply chain or local food distribution to markets, rail, road, flight, or ferry, transportation of
persons and goods has been prioritized in local, regional, and comprehensive planning.
The societal issues related to food systems have health implications. One of the aims of
this study was the disparate spatial relationship between food-insecure households and the
healthy food retail environment. Low-income and racially minority segregated communities
often have limited access to healthy food retailers, while such neighborhoods have a higher
density of unhealthy food retailers (Bower et al., 2014; Galvez et al., 2008; Thomas, 2010). The
retail food environment influences dietary behavior. Residents living in neighborhoods with a
concentrated density of unhealthy food retailers are more likely to be obese than living in food
deserts or neighborhoods with no supermarkets (Cooksey-Stowers et al., 2017).

Food Retailers as part of Commercial Retail and the Private Market
Food retailers are part of the commercial retail environment. However, should food
systems be driven by the private market? One of the problems with letting the private market
drive food systems is equitable, healthy food access. Low-income families desire to eat healthy
food. However, healthy, fresh food is often more expensive and, with a limited household
budget, is cost-prohibitive compared to energy-dense, processed foods (Ver Ploeg, 2010a). In
addition, the cost of healthy foods has been increasing, thus widening the disparity of healthy
food access (Monsivais et al., 2010). Commercial food systems depend on a high volume of sales
of energy-dense and processed foods to increase profits and value for stakeholders and do not
account for the economic and health costs to consumers and society (White et al., 2020).
Therefore, to improve equitable access to healthy food, planners can play a role by considering
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financial incentives and pricing strategies to boost healthy food purchasing among low-income
households.
Food retailers only represent a piece of the food system model. Figure 8.2 provides a
simplistic framework that identifies the roles of key players within the supply/demand economic
concept of the food system. Another challenge of letting the private market drive the food
system is increasing urbanization with decreasing agricultural lands. With population growth in
urban areas, agricultural lands are being converted to residential uses. As a result, the demand
to feed the population is being met with decreasing local and regional lands to produce and
process food. The demand for fresh, local foods will result in higher prices due to limited supply
and increased distribution costs. This cost hike would then increase disparities in healthy food
access to low-income households. Sustainable food systems producing healthier foods can be
profitable, but this would require systematic change that includes the commercial food industry
(White et al., 2020).

Figure 8.2 Supply/Demand Food System economic concept

Food Systems as Not Just a Rural Issue
The food system is more than the production of food and involves multiple players
between producer and consumer. While agricultural lands are necessary for commercial food
production and exist mainly in rural areas, the food system is not limited to these rural land
uses. The food system is a natural resources issue, an economic development issue,
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environmental sustainability issue, climate issue, public health issue, etc. In other words, the
food system is not exclusively about rural development. Food production is also not limited to
commercial agriculture or livestock uses; urban agriculture has been a growing interest to
increase availability and access to locally sourced foods. However, food systems planning
extends beyond the agricultural lands for food production and livestock grazing.

Planning Agencies’ Role in Food Systems
Municipalities and government agencies, including planning commissions, are typically
publicly funded. The planner's role in the public sector is to maximize economic, health, and
societal well-being through land use planning and policy strategies. Often, planners in the public
sector are funded by taxpayers. As a result, in keeping with the planner's role, given the
interdisciplinary nature of the food system, planners are funded to address food systems as it
involves natural resources, land conservation, economic development, public health, and
environmental sustainability. Also, food is essential to human survival, and diet quality is
associated with disease risk. As with housing, transportation, crime, and economic development
are important issues in communities, food access, availability, and affordability are important
for households, especially for low-income, minority population groups. In the urban
environment, the food system connects housing, transportation, and economic development
(Pothukuchi & Kaufman, 1999).
Community food systems planning includes multiple groups of players. Figure 8.3 lists
these key groups. Planners in the public sector contribute to public policy that can impact
farmers/producers, retailers, and consumers. Aside from the economic development and
natural resources protection, food systems planning has public health implications, and planning
and land use policies have an opportunity to influence diet quality, thus disease risk.
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Figure 8.3 Food System players

The public health discipline recognized the importance of community design, the built
environment, and land-use decisions have an impact on public health, especially as it relates to
obesity prevention and diabetes prevention and management (Dannenberg et al., 2003;
Friedman, Dannenberg, & Frumkin, 2013; Kochtitzky et al., 2006). As a result, there has been an
interdisciplinary approach to support health promotion messages by changing the environment
through urban planning to support active living and healthy eating, such as increasing
pedestrian connectivity and access to more healthy foods (Frumkin et al., 2004; Koehler et al.,
2018). In the last decade, new conceptual frameworks and planning considerations have been
introduced for food systems planning as an emerging subfield or as a component that is
integrated in sustainability planning (Donovan, Larsen, & McWhinnie, 2011; Soma & Wakefield,
2011)
This study examined public policy’s influence and the retail food environment on obesity
and diabetes rates in urban census tracts. The public policy focusing on the purchasing power
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for food to mitigate food insecurity for income-eligible households, and the locations in which
such redemptions can occur, require a dichotomic view in planning and policy efforts. In a
similar approach, James H Spencer (2004) suggested the policy approaches to addressing
spatially concentrated poverty have been largely binary—people-based or placed-based. In his
study on implementing the Earned Income Tax Credit (EITC), a people-based anti-poverty policy,
and the Enterprise Zone, a placed-based program, EITC contributed a greater investment to
poor neighborhoods despite the EITC being an individual entitlement (James H Spencer, 2005,
2007). Instead, an integrated, heuristic policy framework may ultimately accomplish the
collective objective in an anti-poverty policy of improving economic opportunities for poor
people (James H Spencer, 2004).
As it relates to this study, we can look at applying place-based and people-based policy
and planning approaches similarly. For example, the federal SNAP is a policy that focuses on
assisting eligible individuals and households financially in the purchase of foods. However, while
this addresses the affordability of foods, it is not addressing the availability of healthy food. It is
well studied that urban low-income, Black women are the influencers of household diets and
desire healthy food for their families; yet, are inhibited by the affordability, availability, and
convenience of unhealthy food (Sean C. Lucan, Barg, Karasz, Palmer, & Long, 2012; Valera,
Gallin, Schuk, & Davis, 2009; Zachary, Palmer, Beckham, & Surkan, 2013). Table 8.1 provides an
example of identifying the economic model of supply and demand related to the equilibrium in
the market of goods, in this case, the affordability and availability of healthy food for lowincome households.
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Planning and
Policy Targets

Places

People

Supply
“Assist food retail.”
Ex. Healthy Corner Store
Program

Demand
“Move SNAP retailers to
consumers.”
Ex. SNAP Farmers’ / Mobile
Markets

“Assist Consumers”
Ex. SNAP

“Move consumers to SNAP
retailers.”
Ex. Transportation vouchers

Table 8.1 Placed- and people-based planning and policy table addressing the supply and demand for affordable and
accessible food (adapted from Spencer, 2011)

Place-Based Policy and Planning
With place-based targeted approaches, the focus is on the retailer and its siting to
increase availability of healthy, affordable food options. While given the lack of healthy,
affordable retailers, it would seem obvious to locate a supermarket in areas of food deserts.
However, this is not always feasible and is not always the solution to improve a healthy diet.
There are a couple of reasons for this. National chains focus on profitability, which is challenging
in low-income communities (Hodgins & Fraser, 2018). Also, healthy foods, such as fresh
produce, are more expensive than energy-dense and other staple food items (Caspi, Pelletier, et
al., 2017).
The United States Department of Agriculture (USDA) Food and Nutrition Service
administers SNAP at the federal level and through the states to increase food affordability to
improve food security. Retailers submit their applications to be authorized SNAP vendors to the
USDA, who then monitor them for compliance. To be a SNAP-authorized retailer, retailers must
meet product stocking criteria and point-of-sale equipment to process the Electronic Benefit
Transfer (EBT) benefits. Planners have a role in working with and supporting potential retailers
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in meeting the criteria for eligibility by incentivizing retailers to increase the affordability and
availability of healthy foods.
Even with SNAP, healthy foods are still more expensive than energy-dense food items.
As a result, several communities in the United States have worked with retailers to increase the
availability and affordability of healthy food options. In addition, while SNAP-authorized retailers
are required to meet product stocking criteria, including healthy foods, there has been evidence
that many small- and mid-size SNAP-authorized retailers, who are not USDA Women, Infant and
Children’s Nutrition Program (WIC) participants, do not offer a variety of the minimum stocking
of healthy foods (Laska, Caspi, Pelletier, Friebur, & Harnack, 2015). Thus contributing to the
limited availability of healthy foods in low-income, urban communities.
While the public health discipline cannot change land-use policies, public health data
can inform policy change. Planners have a role in amending and introducing land use-related
policies (i.e., zoning ordinances) to increase the availability, affordability, and accessibility of
healthy food options. In 2012, the City of Chicago amended an ordinance to require produce
vendors with multiple vegetable/fruit carts to assign half their carts in designated food deserts
in Chicago neighborhoods (Chicago, 2012). In San Francisco, a local coalition pushed for an
ordinance that required small retailers to increase space for healthy food items while also
decreasing the availability of tobacco and alcohol products (M. Minkler et al., 2018). More
recently, SNAP has piloted online food purchases in New York. While online purchases can
increase access to healthy foods, the affordability of healthy foods continues to be a concern as
online groceries (i.e., Amazon) can have higher prices (Cohen, Tomaino Fraser, Arnow, Mulcahy,
& Hille, 2020). However, during the COVID-19 pandemic, supermarkets were allowed to
participate in the Online SNAP Retailer Pilot Program, but many retailers found the required
technology systems criteria to be cost-prohibitive (Paysour, 2020).
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Healthy Food Financing Initiative offers financial incentives to support retailers to
increase their availability of healthy foods (Fleischhacker, Flournoy, & Moore, 2013). Healthy
Corner Store programs offer various strategies to promote the sale of healthy, affordable foods
at small grocery stores. While this paper does not intend to provide an extensive review of such
strategies, there are many planning and policy tools to support healthy corner store efforts,
including financial, zoning, recognizing, and permitting (Agyeman, 2013).
Comprehensive plans and public policies that include food systems in planning
contribute to strategic public investment for long-term commitment and support for sustainable
agricultural practices and the larger food system, thus impacting agricultural lands,
farmers/producers, and consumers in communities. Land uses for agricultural purposes aim to
protect and promote lands for cultivation, processing, and commercialization that support
sustainable agriculture through zoning and local codes. Economic development is often a driver
in land-use decisions. With an increasing demand for locally sourced foods, financial incentives
and policies offer support for farmers/producers and agricultural land use protections.
Consumer demand for affordable, healthy foods and locally sourced products addresses the
need to improve food security and willingness to pay for local products. Planners influence
public financing decisions that support land uses and infrastructure. Tax credits and tax
increment financing are examples of financial methods supporting agricultural practices at the
farmer-/producer-level and tax revenue and subsidies for agricultural commercialization and
efficient distribution, respectively.

People-Based Policy and Planning
The Supplemental Nutritional Assistance Program (SNAP) is a people-based policy for
income-eligible individuals and households to increase their purchasing power of SNAP179

approved food items. However, unlike SNAP-authorized retailers, individuals or households
applying for SNAP are processed at the local level. In people-based policies, the focus is on the
individual’s accessibility and purchasing power for healthy food items, including fresh fruits and
vegetables.
Healthy Food Financing initiatives have also provided additional financial assistance in
purchasing healthy foods, specifically fresh fruits and vegetables, for individuals and households
participating in SNAP (Fleischhacker et al., 2013). In Michigan, the Double Up Food Bucks
programs offer SNAP participants an additional $10 for local fruits and vegetables when they
spend $10 for fresh fruits and vegetables in a single transaction (Steele-Adjognon &
Weatherspoon, 2017). In New York City, the Health Bucks program allows SNAP participants to
receive $2 for every $5 spent at farmersf markets (Baronberg, Dunn, Nonas, Dannefer, & Sacks,
2013).
From the demand side of the people-based approach for policy/planning interventions,
the focus is getting the SNAP participant to the SNAP retailer. Transit-oriented development
provides an opportunity to improve connectivity and reduce travel burdens between higherpoverty neighborhoods and supermarkets (McKenzie, 2014). Also, re-locating markets or carts
selling fruits and vegetables near transit stops would increase the accessibility and affordability
of healthy food options (Clermont, 2013). Transportation vouchers or subsidies for low-income
individuals or SNAP participants can reduce the financial burden of travel costs to supermarkets.

SNAP as a Mechanism for Community Development
The federal Supplemental Nutrition Assistance Program is the largest anti-hunger
program in the United States. Increasing food purchasing power allows money to be freed up for
non-food purchases, thus providing a spillover effect from the SNAP policy (Kim, 2016). For
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every $1 spent on SNAP, $1.79 is added to the economy (Hanson, 2010). In addition, every $5 in
additional SNAP benefits can generate $9.20 in local spending (Hanson & Golan, 2002). Further,
according to a USDA study, every $1 billion of additional SNAP funding yields between 8,000 and
17,000 jobs (2010). Integrating food systems, specifically examining the role of SNAP, in local
policy and municipality planning community demonstrates the potential of urban planning in
optimizing local economic development while improving community health.
Healthy food financing initiatives provide stimulus to the local economy with additional
purchasing power for healthy food. Such financial incentives provide planners with a policy
approach that will further support healthy, affordable food access while boosting the local
economy. It is difficult to believe planners do not perceive to have a role in food systems, given
they recognize air, water, and shelter as essential for life. Given that food issues are embedded
in the lives of every community resident and food is a very important part of the local economy
and employment while also having significant health implications, it ignores food systems in
local planning (Pothukuchi & Kaufman, 1999, 2000).
However, there is a growing concern about food systems planning. Urbanization has
resulted in the decline in farmlands, food transport costs, agricultural practices polluting public
water systems, and the need for farmland preservation (Pothukuchi & Kaufman, 2000; Soma &
Wakefield, 2011). Further, residents living in urban areas find healthy food retail inaccessible
(Dunkley, Helling, & Sawicki, 2004). While only 20 years ago, food systems were absent in
planning, that is no longer the case (Raja, Morgan, & Hall, 2017). Despite the growing (pun
intended), emerging subdiscipline, Born and Purcell (2006) expressed caution of planners falling
into the trap of local scalability in food systems planning. In other words, there are social actors
with a particular agenda that suggest local food system production and distribution are more
sustainable, which is not always the case (Born & Purcell, 2006).
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While in the United States, food insecurity and food access have been a growing
concern in the public health and planning field, planners have the opportunity to influence
policy and environmental changes. Such changes not only can improve food security and
community health but also strengthen the local economy. Therefore, the public health messages
to promote healthy eating can be supported by the environment where people live, work and
play.

Machine Learning Approaches in Urban Planning
Machine Learning is the intersection of computer science, statistics, and other
disciplines “with automatic improvement over time, and inference and decision-making under
uncertainty” (Jordan & Mitchell, 2015, p. 256). It is gaining popularity in the social sciences for
its predictive accuracy and efficiency in model building. However, machine learning is
increasingly becoming an emerging tool in urban planning with the growing interest in Smart
Cities. Transportation provides an example that many can relate to, especially if you were ever
in a traffic standstill. Artificial intelligence can predict your wait time and provide alternative
routes to bypass the reason for the traffic jam (i.e., construction, vehicle crash, etc.), based on
the use of GPS tracking in smartphones. Such crowdsourcing of data through sensors in the
environment has so much potential in proactive and cost-efficient planning, such as road
maintenance and optimizing transit schedules. Aside from transportation planning and
engineering, there has been limited application of machine learning techniques in planning
research. With advances in technology and innovative approaches in geographic information
systems (GIS), there is increasing demand for urban analytics in urban and sustainable
development (Chaillou, Fink, & Gonçalves, 2017).
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In this dissertation, machine learning techniques were applied in a couple of ways.
Supervised learning techniques were used to build better prediction models in regression
analysis. Second, data mining and cluster analysis using geospatial pattern comparisons were
applied to identify spatial distance differences. In empirical studies, these methods taken offer
alternative and more accurate analytical approaches to traditional quantitative analysis in urban
planning research.

Rethinking Stepwise: Step Away
Stepwise regression is a common statistical approach in the social and behavioral
sciences. When working with many explanatory variables, stepwise regression incrementally
adds explanatory variables to construct linear regression models. There are several problems
with building predictive models using stepwise regression. There is literature detailing the
problems with stepwise regression modeling, but for this dissertation, only a couple will be
highlighted. By adding (or removing) variables, only one regression model is produced. As a
result, it does not consider all possible models. As the model builds, there is the likelihood of
overfitting the model. Overfitting results in the p-value becoming so low and provides false
confidence with the r-square values being biasedly high. Some explanatory variables that may
not be significant out of the model may be highly significant within a full model, while the true
causal variables may not be significant. Therefore, it is more likely to see Type I errors. Once the
full model is constructed, it is hard to determine which variables are truly significant and
plausible. In the world of Big Data, such biases are further exacerbated. Ideally, we aim for
parsimonious models or models having the fewest parameters with the best predictive power.
Despite the known problems with stepwise regression, it is often used in social science
research, including urban planning. Stepwise regression is straightforward and easy to
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implement in empirical studies. However, its applications do not ensure consistency in empirical
studies. Alternative approaches to address these problems may not be widely known in the
field, thus the need to promote more interdisciplinary research, including those in computer and
mathematical sciences. Machine learning approaches address these problems associated with
regression modeling. In this dissertation, a branch-and-bound algorithm was applied for
combinational optimization, which searched the entire space of the variables to identify best the
subset of predictor variables (Hand, 1981). Using this algorithm accelerated the process of trying
different models through an enumeration scheme to identify the best set of variables (Hand,
1981). It is an efficient approach to playing around with variables to get what would be ideal for
the empirical study.
This approach is not without some controversy in the field. Using machine learning
techniques, whether branch-and-bound or shrinkage regression methods such as LASSO, offers
an efficient way to pick and choose variables instead of the traditional stepwise approach.
When working with many predictor variables (as seen in big data), modeling becomes more
complex. Applying auto-metrics offers completeness to modeling but employing complex
algorithms would be difficult without the expertise. Yet, this does not mean it should not be
done. Rather, with the growing interest in big data and the potential in urban planning research,
machine learning techniques in data analyses offer the opportunity for interdisciplinary
research.

Limitations
As with any study, this study had its limitations. We cannot collect SNAP household
address data; therefore, SNAP household participation was based on American Community
Census and are estimates for the geographic unit of analysis. In addition, the list of SNAP184

authorized retailers offers a cross-section of the time in which these retailers are operating. It is
common for small retailers to change owners or close, limiting the generalizability over time.
Further, many cities have instituted programs and financial incentives to increase the
affordability and availability of healthy food options at small retailers, such as the Healthy
Corner Store and Healthy Food Financing initiatives. Participating retailers in such initiatives are
not known in the USDA listing of SNAP-authorized retailers.
From a methodological perspective, the Jaccard Index compared images. In this study,
the Kernel Density analysis was performed from point data to produce raster maps. Kernel
Density estimate analysis reinforces density biases (Marin, Tang, Ayed, & Boykov, 2019). Density
bias was evident in this study as the sparsity and number of healthy SNAP retailers differed from
unhealthy SNAP retailers. Introducing adaptive weights can help equalize the density.
Further, there is a bias in the distribution boundary, such that when there is bounded
support, the kernel estimate is weak. At the end of its distance interval, the kernel estimate may
determine the density to be zero, yet it could be undefined. Further, determining the smoothing
parameter is dependent on scale and the sample number (i.e., points). If the bandwidth (i.e.,
search radius) is too small, the densities are ragged, and if it is too large, the density risks over
smoothing.
The SNAP retail environment focused on the density of unhealthy SNAP retailers in a
census tract. However, there are other measures to examine the SNAP retail environment, such
as distance to the nearest SNAP supermarket and food retail environment index, which looks at
the ratio of healthy and unhealthy retailers in a geographic area, etc. In addition, this study
focused on the City of Atlanta, and contributing factors may differ in other cities, as would the
demographic and socioeconomic make-up and the SNAP retail environment. Therefore, the
findings of this study should not be generalized to reflect the magnitude of disparity in other
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cities and communities. It would also have been helpful to examine SNAP redemption by store
type. However, due to a pending Supreme Court decision from South Dakota, such data is
business propriety and is unavailable. Instead, redemption data can be aggregated at the ZIP
code level when there are at least three SNAP retailers in the ZIP code.
There are several dimensions to food security. This dissertation only focused on
consumer access to affordable healthy food. Therefore, this study did not capture a
comprehensive look at the food insecurity issue in the country. Similarly, this study focused on
diet-related conditions, such as obesity and diabetes. It is important to note that diet is a factor
and not exclusive to the causes of obesity and Type 2 diabetes. For example, energy
expenditure, or level of physical activity, is also a risk factor for obesity and diabetes.

Recommendations for Future Research
The retail environment is one component of a comprehensive food system. The
relationship between SNAP as a public policy to improve food security impacts local community
development and food systems planning. There were significant regional differences in the
SNAP retail environment in relation to racially and ethnically minority census tracts, which was
also consistent with Hispanic and Asian health variations by region. While this study did not
differentiate ethnic SNAP retailers, the variation of SNAP access and population health may be
associated with access to ethnic SNAP retailers. Ethnic specialty stores are more likely to be in
ethnic enclaves in urban areas.
Analyzing spatial mismatch using the Jaccard method provides an alternative
methodology applicable for other social and land use-related inequalities. Further, future
research related to spatial mismatch could leverage both traditional regression analysis and
Jaccard methods to triangulate data in spatial mismatch research. Lastly, the use of machine
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learning techniques provides a more accurate and efficient approach to predictive modeling
with many applications in urban planning research.

Conclusions
The studies addressed integrated urban planning, public health, public policy, and
mathematical sciences in a robust interdisciplinary approach in examining the relationship of
public policy, food access, and health in urban environments. The Supplemental Nutrition
Assistance Program (SNAP) is a federal financial assistance program for income-eligible
households to increase their purchasing power for food redeemed at SNAP-authorized retailers.
Consistent with the literature, there was a relationship between increased obesity and diabetes
rates with increased rates in the African American population, SNAP participation, and low
socioeconomic status in urban census tracts. However, the relationship between health and
other minority groups in urban census tracts varied by region. While the distance between
racially and ethnically minority census tracts to the nearest SNAP supermarket was significantly
different in some cities, spatial mismatch between unhealthy SNAP retailers and healthy SNAP
retailers were more prominent in the United States at the neighborhood level and were more
exacerbated when factoring SNAP participation and predominantly higher African American
population groups.
The studies presented in this dissertation demonstrated an interdisciplinary approach
that combined machine learning techniques to examine local effects of public policy. While
SNAP is a people-focused policy to improve food security, there are place-based opportunities
for urban planning and policy that would complement and support affordable healthy food
access and food security, especially for racial and ethnic minorities groups.
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APPENDIX A
Variables Definitions and Calculations

Demographics
Demographic data were collected from the American Community Survey using 5-year estimates
from 2017. For this study, only minority population rates were included, which were Black,
Asian, and Hispanic population rates at the census tract level.

Socioeconomic Status
Similar to the demographics data, socioeconomic data were from the American Community
Survey using 5-year estimates from 2017; socioeconomic variables will include median
household income and the rate of household SNAP participation, population over the age of 25
with no high school diploma, and households below the Federal Poverty Level.

SNAP Retailer Rate
The SNAP retailer rate explores the availability of retailers that accept SNAP benefits based on
eligible stores. It provides a measure for opportunities for affordable food. However, there is no
known data on the national rate of eligible retailers being a SNAP vendor.

Renter Rate
Given the urban areas identified for this study vary in size, measuring urbanicity allows
for a standard measure for impact. According to Vlahov and Galea (2002), urbanicity is defined
as “the impact of living in urban areas at a given point in time” (p. S5). Urban areas see higher
rates of residential rentals, especially among low-income neighborhoods. Urbanicity has been
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independently associated with food store availability (Bower et al., 2014). Renter-occupied rate
data are collected from the American Community Survey using 5-year estimates from 2017.

Population Density
Population density, the number of people residing in one square mile, is a measure of
urbanicity and tends to be higher in inner-city neighborhoods compared to suburban areas.
Despite the built environment of increasing population density having increased street
connectivity, which is conducive to an active lifestyle, obesity and physical inactivity rates are
higher with increased population density in urban areas (Lopez & Hynes, 2006). Further, higher
urbanicity, as measured by increased street connectivity, is associated with higher racial/ethnic
minority groups by census tracts and increasing obesity rates (F. Wang, Wen, & Xu, 2013).

Social Vulnerability Index
Developed by the Agency of Toxic Substances and Disease Registry (ATSDR)’s Geospatial
Research, Analysis & Services Program (GRASP), the Social Vulnerability Index (SVI) is measured
at the census tract level and comprises of 15 census variables which are ranked and then
grouped around four themes-- Socioeconomic percentile vulnerability; Household
composition/disability percentile; Minority Status/Language percentile; Housing/Transportation
percentile (Flanagan, Hallisey, Adams, & Lavery, 2018). In this study, the SVI
Housing/Transportation percentile was used to include multiunit structures, mobile homes,
crowding, no vehicle, and group quarters (Flanagan et al., 2018). While the SVI measure was
created to measure the social condition or resilience in preparation and response for disasters,
the measure has been applied as part of conceptual framework for food access with food
insecurity/food deserts being the targeted hazard (Zhang & Ghosh, 2016). The National
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Environmental Public Health Tracking Network holds a database of variables, including SVI. The
most recent SVI measure applies 2016 census data.

Residential Segregation
One of the standard measures of residential segregation is the dissimilarity index. The equation
to measure residential segregation using the dissimilarity index is (Iceland & Weinberg, 2002):

n
ti
T
P
pi
X
xi

the number of areas (census tracts) in the metropolitan area, ranked smallest to largest
by land area
the total population of area i
the sum of all ti (the total population)
the ratio of X to T (proportion of the metropolitan area’s population that is a minority)
the ratio of xi to ti (proportion of area i’s population that is a minority)
the sum of all xi (the total minority population)
the minority population of area i

Measuring residential segregation has been done at the county level. However, given this study
examines at a smaller geographic unit level, the measure was calculated at the census tract
level. Therefore, the smaller area in the equation was census block groups with the census tracts
as the reference group. To calculate this for all census tracts in the study, R statistical software
package, “tidycensus” was used, which acquired demographic census data from the American
Community Survey (K. Walker, 2018). For this study, residential segregation was measured for
Whites and non-Whites.
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Dependent Variable: Health
Obesity and diabetes are diet-related conditions in which health will be examined by census
tracts in urban areas. The 500 Cities Project applied the CDC Behavioral Risk Factor Surveillance
System (BRFSS) for the chronic disease risk factors, such as diabetes prevalence and obesity
rates, to generate small area estimation using multi-level statistical modeling (CDC, 2017).
Therefore, each census tract from the 500 Cities Project includes a measure for diabetes
prevalence and obesity rate.

Dependent Variable: Food Access
Since SNAP aims to increase the purchasing power for food, thus increasing the affordability,
food access will focus on the availability of affordable food and availability of healthy food.

Access: Unhealthy SNAP-Authorized Retailer Density
The density for healthy SNAP-authorized retailers is a measure for affordable, healthy food
availability. Similarly, unhealthy SNAP retail density measures the availability of unhealthy food
in a specified area.

Access: Distance to Nearest SNAP-authorized Supermarket
Using the ArcGIS Pro Network Analyst Tool’s Closest Facility analyst layer was used to measure
the nearest SNAP-authorized supermarket. The tool requires at least two points, an incident and
a facility. Incidents are the centroids for each census tract while facilities are the SNAP
supermarkets. Centroids are the geometric center of a polygon (i.e., census tract) and were
calculated using ArcGIS Pro Data Management tool.
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There are multiple approaches to calculate closest facility, including driving distance,
walking time, transit distance, etc. For this study, the Closest Facility analyst solved the nearest
SNAP supermarket by driving distance with the direction toward the facility and using the road
network system (ESRI, 2020). There was no limitation placed on calculating the nearest distance
such that the nearest SNAP supermarket may be in neighboring census tracts. Driving distance
was measured in kilometers.
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